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Disclaimer 

This Nonrule Policy Document (NPD) is being established by the Indiana Department of Environmental 

Management (IDEM) consistent with its authority under IC 13-14-1-11.5. It is intended solely as guidance 

and shall be used in conjunction with applicable rules or laws. It does not replace applicable rules or laws, 

and if it conflicts with these rules or laws, the rules or laws shall control. Pursuant to IC 13-14-1-11.5, this 

NPD will be available for public inspection for at least forty-five (45) days prior to presentation to the 

appropriate State Environmental Board, and may be put into effect by IDEM thirty (30) days afterward. If 

the NPD is presented to more than one board, it will be effective thirty (30) days after presentation to the 

last State Environmental Board. IDEM also will submit the NPD to the Indiana Register for publication. 
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1: Introduction 

The Risk-based Closure Guide (R21) exists to provide for consistent application of Indiana Code (IC) 13-

12-3-2 and IC 13-25-5-8.5, which together form the statutory basis for implementation of risk-based 

closure in Indiana. The R2 sets forth a framework for characterizing releases, evaluating resulting risk 

and, when necessary, selecting and implementing appropriate remedies that allow closure. 

The R2 follows an outline (Figure 1-A) with three major sections that address, in turn, characterization, 

risk evaluation, and remedy selection and implementation. Content within these major sections is 

arranged into a total of nine2 broadly defined tasks necessary to comply with statutory requirements for 

risk-based closure. Each task is defined, justified via legal citation and scientific basis, and illustrated with 

one or more examples of approaches that the Indiana Department of Environmental Management (IDEM) 

has determined to be acceptable. 

Except where required by statute or rule, the emphasis throughout the R2 is on achieving ends ï 

adequate characterization, an appropriate evaluation of risk and, where necessary, control of risk through 

selection and implementation of a remedy ï rather than dictating specific procedures for doing those 

things. IDEM recognizes that there are many possible ways to investigate releases and evaluate and 

control risk, and that approaches different than those described herein may be just as or more 

appropriate in some situations. Responsible parties are free to propose methods that do not appear in the 

R2, and IDEM will evaluate proposals to use alternate approaches on their merits. 

 

Figure 1-A: R2 Outline 

 

IDEM will correct, update, or revise the R2 as necessary. Updates will appear on IDEMôs Technical 

Guidance for Cleanups web page.3 In addition, IDEM staff can provide clarification regarding updates to, 

or specific contents of, this volume. 

  

                                                      

1 The Risk-based Closure Guide (R2) supersedes IDEMôs 2012 Remediation Closure Guide (RCG). 

2 Seven when a remedy proves unnecessary. 

3 https://www.in.gov/idem/cleanups/2329.htm 
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1.1 Applicability 

Per IC 13-12-3-2, the R2 applies to the following IDEM remediation programs: 

¶ Leaking Underground Storage Tank (LUST) Program 

¶ Voluntary Remediation Program (VRP) 

¶ Resource Conservation and Recovery Act (RCRA) Subtitle C Programs, including RCRA Treatment 

Storage and Disposal (TSD) facility closures, interim status TSD closures and RCRA Corrective 

Action projects. 

¶ State Cleanup Program (SCP) 

¶ Indiana Brownfields Program (IBP) 

Cleanups completed under these programs may use risk-based remediation objectives established by IC 

13-25-5-8.5. 

As a non-rule policy, the R2 is guidance that helps explain IDEMôs expectations, but does not have the 

effect of law. If a conflict exists between the R2 and state or federal rules and statutes, the rules and 

statutes will prevail. 

Some conditions require quick response action to mitigate any potential imminent and substantial threat 

to human health or the environment. Examples include: 

¶ Releases covered under the Spill Rule4 

¶ Acute exposures to release-related chemicals 

¶ Presence of corrosive, explosive, flammable, or toxic vapors 

¶ Actual or imminent threat to a drinking water supply well. 

The R2 does not specifically address emergency situations. However, where appropriate, R2 activities 

may proceed concurrently with emergency response measures. 

  

                                                      

4 327 IAC 2-6.1 
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1.2 Types of Closure 

Closure is IDEMôs written recognition that a party has demonstrated attainment of remediation objectives 

for a chemical release. Closure approval depends on an adequate characterization of the release and 

potential receptors that allows informed decisions about the necessity, selection, implementation, and 

effectiveness of remedies for the release. For releases with more than one chemical in more than one 

medium, closure will require meeting remediation objectives for each chemical in all affected media.  

There are two fundamental types of closure: 

Unconditional closure means an ongoing remedy is not required at a property. For example, if release-

related chemical concentrations at a property are below residential screening levels, that property is 

suitable for unrestricted use and would be eligible for unconditional closure. IDEM does not anticipate 

requiring any additional action at a property that closes unconditionally.5 Unconditional closure is a true 

ñwalk awayò closure. 

Conditional closure means an ongoing remedy is necessary to reduce exposure risk to an acceptable 

level. Examples of controls which might prove effective in reducing exposures include physical barriers 

like engineered caps or slurry walls, active remediation systems such as sub-slab depressurization 

systems for controlling vapor intrusion, or land use controls like residential use prohibitions or 

groundwater extraction and use restrictions. Many projects may need to combine more than one remedy 

to adequately control risk. Whether a remedy fulfills its purpose will depend on factors like the 

characteristics of the release-related chemicals and affected media, the means by which those chemicals 

may move from source to potential receptors, and the nature of the potential receptors. 

Unless acceptable lines of evidence show otherwise, adequately controlling risk requires that exposure 

controls remain in place for as long as release-related chemicals remain at the property at levels 

exceeding unconditional remediation objectives (Section 3.3). For persistent chemicals, this means that 

controls will need to remain in place for a long time, perhaps even in perpetuity. Though not always 

necessary, removal or treatment of release-related chemicals will usually reduce the number, scale, 

and/or duration of ongoing risk-reducing activities or restrictions associated with conditional closure. 

Closure always requires a demonstration that release-related chemical concentrations, taking controls 

into account, do not pose unacceptable risks to human health or the environment, both at closure and 

over the likely lifetime of the chemicals in the environment. Responsible parties will need to weigh the 

short-term advantages of conditional closure against the potential costs of maintaining remedies for as 

long as necessary to address unacceptable risk. 

  

                                                      

5 New information about the presence of release-related chemicals at a property may require post-closure responses, and IDEM 
may require further action where the conditions that formed the basis for IDEMôs approval have changed, not been met, or where 
scientific advances provide new knowledge regarding a threat to human health that was not previously investigated. 
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1.3 Process Overview 

The generalized closure6 process begins when IDEM learns of a release that requires characterization 

and continues through risk evaluation and, where necessary, remedy selection and implementation. 

Some of the tasks described below do not necessarily need to occur in the order listed. For example, it 

may also prove necessary or useful to implement an interim remedy prior to complete characterization. 

Refer to the sections in parentheses sections for additional guidance on these tasks. 

Characterization Tasks (Section 2) 

Task 1 (Section 2.1): Identify release source(s). Determine the type of activity or facility associated with 

the release and, to the extent possible, the physical location of the source point or source area; 

Task 2 (Section (2.2): Identify and quantify release-related chemical(s). Develop and implement 

appropriate data quality objectives (DQOs), and determine the chemicals and breakdown products likely 

associated with the release and their concentrations in affected media; 

Task 3 (Section 2.3): Determine the extents of release-related chemical(s). Determine the present and 

reasonably likely future horizontal and vertical extents of release-related chemicals, against media-

specific unconditional remediation objectives; 

Risk Evaluation Tasks (Section 3) 

Task 4 (Section 3.1): Specify decision unit(s) and use(s). Define the areas, volumes, and/or structures 

potentially affected by the release, along with their current and reasonably likely future uses. 

Task 5 (Section 3.2): Determine representative concentrations. Develop estimates of release-related 

chemical concentrations within each decision unit; 

Task 6 (Section 3.3): Specify remediation objectives. Specify risk-based concentrations or risk levels 

suitable for unrestricted use or, where ongoing risk controls are contemplated, suitable for use 

considering those controls; 

Task 7 (Section 3.4): Determine whether a remedy is necessary. Determine whether one or more 

representative concentrations in a decision unit exceeds unconditional remediation objectives and take 

applicable lines of evidence into account when deciding whether a remedy is necessary. 

Remedy Selection and Implementation Tasks (Section 4) 

Task 8 (Section 4.1): Select a remedy that is likely to be adequate: Choose a remedy that is likely to 

adequately control risk, taking into account the present and future extents of release-related chemicals, 

their concentrations, their overlap with potential receptors, land-use specific remediation objectives, and 

proposed controls, if any; 

Task 9 (Section 4.2): Implement a remedy and show that it is adequate: Implement the proposed remedy 

and demonstrate, using sampling data and other means as appropriate, that it adequately controls risk, 

that it is likely to do so for as long as release-related chemicals are present at concentrations above 

remediation objectives suitable for residential use, assure compliance with restricted activities, and that 

future obligations related to ongoing operation and maintenance of the remedy are adequately specified 

and memorialized. 

                                                      

6 Under RCRA, the term closure refers to a series of formal procedures required to minimize the need for maintenance and control, 
minimize or eliminate post-closure releases of hazardous waste, hazardous constituents, leachate, contaminated run-off, or 
hazardous waste decomposition products to the environment. 



 

 

13 

 

2: Characterization 

For purposes of this document, characterization is a determination of the source, nature, and extents of 

release-related chemicals. IC 13-25-5-8.5(c) requires adequate characterization as a prerequisite to 

determining whether action is necessary to protect human health and the environment. 

Characterization must be sufficient to allow evaluation of the risks, if any, posed by release-related 

chemicals. The level of effort necessary to adequately characterize a release may vary considerably. In 

some cases, limited sampling may qualify releases for closure without further investigation. Other 

releases may require complex multi-stage investigations that span several media. Unfortunately, it is 

rarely possible to know in advance how much work will be necessary to support an adequate evaluation 

of risk. Any investigation may reveal the need for further investigation. 

Information obtained during characterization activities may be sufficient to determine that certain actions 

to protect human health and the environment are necessary, even before characterization is complete. 

For example, when initial investigation shows that water from a drinking water well, or indoor air in an 

occupied structure, contains release-related chemicals at unacceptable levels, action to protect human 

health is appropriate. Any such action need not, and in many cases should not, await full characterization 

of the release. In other cases, removal or treatment of source material, even prior to full characterization, 

may substantially reduce overall risk, expense, and time to closure. Where such opportunities exist, it is 

appropriate to pursue them, as long as doing so does not unacceptably increase associated risks. 

Conversely, preemptive implementation of a remedy in the absence of adequate characterization does 

not meet the requirement set forth in IC 13-25-5-8.5(c). Adequate characterization is always necessary to 

support a final decision regarding the necessity of action to protect human health and the environment. 

Conceptual Site Models: Definition and General Expectations 

IDEMôs evaluation of characterization adequacy relies on submission of supporting documentation by the 

responsible party or its consultant. This is typically accomplished through development of a conceptual 

site model (CSM) ï a comprehensive description of the release, including its setting, characterization, an 

evaluation of risks associated with the release, and any remedy proposed and implemented to address 

those risks. As well as organizing what is known about a release, CSMs can also help identify what is not 

known, what is uncertain, and what must still be determined. 

The broad scope of CSMs means that they should change as new information becomes available 

throughout the project life cycle, all the way through to closure. CSMs are not limited to the 

characterization phase. CSMs may ultimately comprise a suite of documents and information submittals, 

and not necessarily a single constantly updated document. 

The form and content of CSMs will change as new information becomes available. For example, a CSM 

adequate for the initial phases of an investigation may consist of a map of the project vicinity showing 

primary areas of concern along with accompanying text. Subsequent iterations of the CSM should include 

new information and may incorporate by reference pre-existing information and any number of documents 

that provide supporting information. As the project moves into the risk evaluation and remedy selection 

and implementation phases, the CSM should expand to adequately describe those activities, justify any 

conclusions, and identify any uncertainties. 

CSMs should not only capture what is known about a project, but also serve as a tool to identify data 

gaps and uncertainties. Subsequent work should fill data gaps and reduce uncertainty to a level that is 

acceptable, and allow for decision making and progress toward closure. Since the CSM evolves as new 
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data is collected, it is never ñcompleteò until final closure occurs. The complexity of the CSM is 

commensurate with the complexity of the release and its environs, including its geology, history, release-

related chemicals, etc. 

CSMs: Anthropogenic Setting 

The initial CSM is developed from what is already known about the release and its environs. Relevant 

information will vary according to the characteristics of the facility and release, but typically includes items 

such as: 

¶ Facility boundaries and surrounding property use; 

¶ A description of past and present activities conducted at the facility; 

¶ Locations of surface structures (e.g., buildings, tanks, etc.) depicted on a map; 

¶ Locations of process areas depicted on a map; 

¶ Locations and construction of groundwater supply wells and monitoring wells, including drilling logs; 

¶ Locations of storm water drainage system, and sanitary sewer system, past and present, including 

floor drains, drainages tiles, septic tank(s), other underground utilities (telephone, eletrical, water, 

etc.), subsurface disposal field(s), and other underground structures, depicted on a map; 

¶ Copies of reports, information, or data related to previous environmental investigations; 

¶ Past and current aerial photographs and analysis or interpretation of such photographs; 

¶ Source of drinking water for the facility and for adjacent properties; 

¶ Location of any significant water withdrawals, including public water supply wells located less than 

3,000 feet or within the five year time of travel of a wellhead protection area; and 

¶ Identity and locations of sensitive populations adjacent to the facility, including but not limited to daily 

care facilities (e.g. childcare facilities, schools and senior citizen facilities). 

CSMs: Geologic Setting 

Accurate and detailed geologic information is necessary for all characterizations regardless of the type of 

release. A thorough understanding of the subsurface environment and geologic setting allows the 

practitioner to place environmental subsurface data in a geologic and hydrogeologic context, and 

interpolate geologic characteristics where subsurface data is absent. Geologic and hydrologic information 

is sometimes available, but is usually collected concurrently with investigation of the release source and 

extents (see Sections 2.1 and 2.3). Relevant geologic setting information typically includes: 

Regional Landforms 

Characterization of major landforms (rivers, lakes, topography, karst, etc.) in the vicinity of a release 

provides a broad understanding of the geologic framework controlling chemical distribution and 

movement. For example, topography drives surface runoff and regional groundwater typically flows 

towards streams and rivers. This portion of the CSM can be developed from facility records and visits, 

and published literature on regional geology. 

Subsurface Composition and Structure 

While regional landforms provide an overview, subsurface investigation (soil borings, monitoring wells, 

geophysical investigations, high resolution site characterization, soil analysis, etc.) is important to 

characterization of the subsurface and provides insight on the relationships between materials 

surrounding the release. Investigative activities should provide, where relevant to the release and its 
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behavior, detailed descriptions of unconsolidated and consolidated materials; determination of the 

thickness, depth, and horizontal extent of distinct geologic features (sand lenses, confining layers, 

bedrock topography, etc.); identification of natural and anthropogenic preferential pathways (sand 

stringers, utility corridors, karst, soil fractures, etc.); and any correlation of release-related chemical 

distribution to the project-specific geology. Descriptions of subsurface materials should employ standard 

terminology [i.e. the Unified Soil Classification System (ASTM, 2017; or as described in U.S. EPA, 1991), 

or the U.S. Department of Agriculture (USDA) soil texture classification system (USDA, 1951)]. 

Groundwater Flow 

Identifying the flow direction(s) and horizontal and vertical gradients for every discernable permeable unit 

within the subsurface is necessary to understand the distribution and movement of release-related 

chemicals. As noted in (Shultz, et al., 2017), related goals include improving the ability to: 

1. Interpret lateral continuity between borehole data and correlate project data in three dimensions; 

2. Identify groundwater flow paths and preferential pathways; 

3. Map and predict release-related chemical mass transport (high permeability) and matrix diffusion 

related storage (low permeability) zones; 

4. Identify data gaps and assess the need for, and cost benefit of, different investigation techniques (e.g., 

high resolution site characterization); 

5. Determine appropriate locations and screen intervals for monitoring and remediation wells, and 

6. Improve efficiency of groundwater remediation and monitoring. 

The variable nature of groundwater flow dynamics is often sensitive to local and/or regional natural or 

anthropogenic changes [e.g., precipitation, flooding, pumping, utilities; see IDEM (2019c) for additional 

guidance and discussion], and typically requires regular monitoring to characterize the magnitude and 

significance of changes in flow. 

Vapor Migration 

Similar to groundwater flow, vapor migration is a complex and dynamic process. To understand the 

migration of vapors from release-related chemicals, CSM development should include characterization of 

the flow direction(s) for each identified permeable unit within the vadose zone. Factors that may affect this 

include source concentration, source depth, soil matrix properties (e.g., porosity and moisture content), 

anthropogenic changes, and time since the release occurred. 

The CSM should relate all the components of the geologic setting to the distribution of all phases of the 

release-related chemicals (e.g., isoconcentration maps) to provide a clear understanding of the 

mechanisms controlling their migration through saturated and unsaturated media, and areas where 

saturation levels fluctuate. This can help guide further investigative efforts; identify, evaluate, and control 

exposure; and evaluate the applicability of various remediation techniques. 
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2.1 Task One: Identify Release Source(s) 

In this document, the unmodified word source may take on one or more of the meanings listed below, 

depending on context. 

¶ Source facility refers to the building, land, or enterprise used for one or more purposes (e.g., 

gasoline sales and storage, dry cleaning, manufacturing, etc.), where the release occurred. 

¶ Source point refers to the physical location where release-related chemicals first entered the 

environment. Examples of source points include a hole in an underground storage tank, a leaky joint 

in an underground pipe, the location of a surface spill, etc. 

¶ Source area refers to the two dimensional projection in horizontal space of a three dimensional 

volume where release-related chemicals are present in one phase at concentrations high enough to 

enable them to readily transfer to a different phase at concentrations that require a remedy. Examples 

of this include the area underlain by chemicals in soil that are, or are capable of, leaching to 

groundwater at concentrations that require a remedy, the area underlain by chemical concentrations 

in groundwater that volatilize into soil gas at concentrations that require a remedy, or the area 

underlain by non-aqueous phase liquid (NAPL) that is feeding a plume in groundwater that requires a 

remedy. Note that chemicals volatilizing from groundwater may do so at a considerable distance from 

the source point. Similarly, chemicals released to soil may dissolve into groundwater, travel some 

distance, and then resorb to soil, where they may subsequently dissolve into groundwater at 

unacceptable concentrations. Therefore, source area identification may not be possible until 

delineation activities are well underway or complete. 

¶ Source mass refers to the mass of release-related chemicals in source areas. 

Some or all of these aspects of the source concept will be important for every release. 

2.1.1 Basis for Requirement 

Source identification is necessary for effective implementation of IC 13-25-5-8.5(c)(1), which requires 

adequate characterization of the nature and extents of releases. For example, some knowledge of the 

source facility or likely source facility is necessary to decide where to look for release-related chemicals. 

There may be instances where the age or diffuse nature of a release makes locating a source point 

impossible. Where knowledge of the source point is available, that information can help focus 

investigations, particularly when the release occurs at a large facility. Knowledge of the source area is an 

important component of understanding how and when chemicals are likely to move, what media may be 

affected by the release, and ultimately how receptors may be affected. Estimates of source mass may be 

important in the design of certain remedies. While it may not always be necessary or even possible to 

identify every aspect of sources, source identification should be comprehensive enough to enable 

adequate release characterization, risk evaluation, and (when necessary) remedy selection and 

implementation. 

2.1.2 How to Identify Release Sources 

Identification of source facilities, source points, source areas, and source mass are different problems, 

although some information may help solve more than one of them. Source identification often starts with 

an evaluation of source facility activities, review of previous investigative work, and a facility visit. 

2.1.2.1 Identifying Source Facilities 

Means of identifying source facilities include one or more of the following: 
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¶ Release reports submitted to IDEM or other agencies 

¶ Environmental investigation reports that contain evidence of releases or potential releases, including 

reports generated for nearby properties or facilities 

¶ Evidence of releases (stained soil, stressed vegetation, etc.) observed during facility visits 

¶ Interviews with current or past owners and employees, local fire and police departments, county 

health officials, and facility neighbors 

¶ Records of operational processes, chemical use, and waste storage and disposal practices, including 

regulatory databases and files maintained by the United States Environmental Protection Agency 

(U.S. EPA), IDEM, and local health departments 

¶ Aerial photographs, fire insurance maps, property tax or land title records, city directories, satellite 

imagery, and geographic information system maps 

¶ Other relevant resources 

2.1.2.2 Identifying Source Points 

Means of identifying source points include one or more of the following: 

¶ Release reports submitted to IDEM or other agencies 

¶ Environmental investigation reports that contain evidence of releases or potential releases 

¶ Evidence of releases (stained floors or soil, stressed vegetation, etc.) observed during facility visits 

¶ Locations of chemical and waste storage and disposal areas, operational areas, maintenance areas, 

drains, sumps, oil/water separators, parts cleaners, electrical transformers, pits, ponds, lagoons, 

septic systems, etc. 

¶ Records pertaining to operational processes, chemical use, and waste storage and disposal practices 

¶ Interviews with current or past owners and employees, local fire and police departments, county 

health officials, and facility neighbors 

¶ Other relevant resources 

2.1.2.3 Identifying Source Areas 

Identifying and, where necessary, determining the extent(s) of source areas can help explain the behavior 

and distribution of release-related chemicals, and may also aid in the design of remedies. There are 

several kinds of source areas: 

A soil source area exists wherever release-related chemicals in soils are capable of leaching to 

groundwater and causing dissolved concentrations of those chemicals to exceed unconditional 

groundwater remediation objectives, or when those chemicals are capable of volatilizing into soil gas at 

concentrations that exceed unconditional vapor remediation objectives. 

A non-aqueous phase liquid (NAPL) source area exists wherever release-related chemicals in NAPLs are 

capable of sorbing to soil at concentrations that exceed unconditional soil remediation objectives, 

dissolving into groundwater at concentrations that exceed unconditional groundwater remediation 

objectives, or volatilizing into soil gas at concentrations that exceed unconditional vapor remediation 

objectives. 

A groundwater source area exists wherever release-related chemicals in groundwater are capable of 

volatilizing into soil gas at concentrations that exceed unconditional vapor remediation objectives. It is 

unusual for release-related chemicals in groundwater to cause concentrations in soils to exceed 
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unconditional soil remediation objectives, but if this happens then the area where release-related 

chemicals in groundwater are capable of doing so should be considered a source area. 

It is very unusual for vapor concentrations to be high enough to cause concentrations in other media to 

exceed unconditional remediation objectives for those media, but if this happens then the area where 

release-related chemicals in vapor are capable of doing so should be considered a source area. 

Professional judgment and adequate sampling are necessary to establish the dimensions of source 

areas. Soil-to-groundwater source areas are delineated by evaluating the leaching potential of soil 

samples, typically using the synthetic precipitation leaching procedure (SPLP) or a similar technique that 

meets project-specific DQOs. Other technologies that may prove useful when it is necessary to delineate 

various types of source areas (especially NAPL source areas) include membrane interface probes or 

laser-induced fluorescence devices, typically in conjunction with sampling at locations indicated by those 

technologies. Groundwater-to-vapor source areas are delineated by collecting soil gas samples from the 

vadose zone just above the groundwater table. 

2.1.2.4 Determining Source Mass 

For many releases, knowledge of the source facility, point, and/or area, as well as observation of release 

system behavior, will be sufficient for purposes of characterization, risk evaluation, and remedy selection 

and implementation. However, for some releases, and especially for certain remedies, an estimate of 

source mass will be necessary. If the release is of a known quantity the source mass should be 

calculated from that known quantity, otherwise, derive a mass estimate using sample concentration data 

and knowledge of the spatial distribution of those concentrations. 

2.1.3 How IDEM will Evaluate Release Source Identifications 

Is adequate evidence presented to identify one or more of: 

Source facility or facilities 

¶ Items listed in Section 2.1.2.1, as relevant 

Source point(s) 

¶ Items listed in Section 2.1.2.2, as relevant 

¶ Sampling data showing concentration gradients 

Source area(s) 

¶ Items listed in Section 2.1.2.3, as relevant 

¶ Sampling data showing concentration gradients 

¶ Leaching test data, if relevant 

¶ Soil gas data, if relevant 

Source mass 

¶ Known quantities of release-related chemicals 

¶ Mass estimates derived from sample concentration data and knowledge of the spatial distribution of 

those concentrations 
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2.2 Task Two: Determine the Nature of Release-related Chemicals 

The nature of release-related chemicals refers to their identity and concentrations in various media. 

Determining the nature of release-related chemicals requires an understanding of the source of the 

release and the use of appropriate sampling and analysis procedures. Section 2.2 provides guidance on 

chemicals typically associated with certain types of facilities or operations, sample collection, handling, 

and analysis, and appropriate quality control procedures, including documentation of results. It also 

describes how IDEM will evaluate the sufficiency of efforts to identify and quantify release-related 

chemicals. It is not a complete compendium of acceptable procedures. Other procedures may also 

produce acceptable results, and IDEM will evaluate use of those procedures on their merits. 

2.2.1 Basis for Requirement 

Indiana Code (IC) 13-12-3-2 and IC 13-25-5-8.5(c) requires adequate characterization of the nature and 

extents of release-related chemicals with respect to remediation objectives. Sampling is vital to 

development of an adequate CSM, and underpins any understanding of the distribution and 

concentrations of release-related chemicals, whether receptors might be affected, and the pathways by 

which release-related chemicals may reach receptors. Even modeling requires project-specific sample 

data for calibration and validation. 

2.2.2 Sample Planning 

Careful planning is essential in executing environmental projects, and this is especially true with respect 

to the sample planning phase. A Quality Assurance Project Plan (QAPP) documents the sample planning 

process. QAPPs describe the decision making process, plans for data acquisition, quality criteria, and 

procedures for assessing investigation results. The scope of QAPPs will generally increase with the 

complexity of the projects they support. New information and/or changes in project scope may also 

necessitate revisions to the QAPP. 

The Data Quality Objectives Process (DQOP) establishes project quality objectives and criteria. The 

DQOP is used for systematic planning to collect environmental data of a known quality and quantity to 

support decisions. The seven-step DQOP defines the problem, identifies the decision needed, identifies 

the inputs of the decision, defines the boundaries, develops a decision rule, specifies limits for decision 

errors, and optimizes the design for obtaining data. 

The DQOP is also iterative. Project quality objectives and criteria are reviewed and updated as additional 

information becomes available. Additional information may and often does change the objectives of a 

project. 

A complete description of QAPPs and their components is beyond the scope of this document. U.S. EPA 

(2000, 2002, 2002b, 2006, and 2006b) provides guidance on QAPP development and implementation. A 

program-specific generic QAPP (like the UST Program QAPP) can be referenced with a notation of any 

deviations in any given project. Deviations from the generic QAPP can be documented in a project-

specific Sampling and Analysis Plan (SAP). A project-specific SAP specifies where and when samples 

will be collected, the number of samples to be collected, sampling method(s) for various media, and 

procedures for sample preservation during transportation and storage. 

Choosing Areas to Sample 

Sampling areas depend on investigation objectives. Investigation objectives vary widely, and so will the 

sampling areas necessary to pursue those objectives. Possible investigation objectives include: 

¶ Determine the extents of release-related chemicals 

https://www.in.gov/idem/tanks/files/tech_guidance_investigation_ust_releases_20180724.pdf
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¶ Determine representative concentrations in a decision unit 

¶ Determine background concentrations of release-related chemicals 

¶ Collect information needed for remedial system design 

¶ Demonstrate achievement of remediation objectives in a decision unit 

There are many other possibilities. Whatever the investigation objective(s), reports should include the 

rationale and supporting evidence for selection of specific sampling areas. Note that different decision 

units may have different likely future exposures (e.g., paved parking, places used by sensitive 

populations, break area, factory floor, etc.). Separate sampling plans for each identifiable exposure area 

allow subsequent separate exposure evaluations in those areas, rather than using the same exposure 

assumptions across the entire release area. 

Sampling Design 

There are many possible ways to place sample locations across a release area. This document focuses 

on two general approaches, described below. Other approaches may be preferable for some projects. 

IDEM will evaluate other approaches on their merits. Whatever the approach, the number of samples 

necessary for an adequate characterization is project-specific. 

Judgmental sampling uses professional judgment and existing knowledge of the release to place sample 

locations. Judgmental sample placement typically starts near a source point or facility and steps out until 

sample locations approximate the extent of release-related chemicals. However, it is also possible to start 

near potential receptors and step in toward a source. Stepping in may be preferable when there is a 

concern that receptors are experiencing exposure to release-related chemicals, because it may allow 

earlier identification of any unacceptable exposures and therefore earlier implementation of a remedy to 

address those exposures. Delineation efforts that begin by stepping in will still need to delineate extents, 

often by stepping out once initial step-in activities are complete. The effectiveness of judgmental sampling 

depends on the quality of the information used to guide sample placement, but if good information is 

available regarding the likely locations of release-related chemicals, extents delineation using judgmental 

sample placement is often less expensive than alternatives. 

Systematic sampling places samples at fixed intervals beginning from a random starting point (as along a 

drainage way, excavation wall, or perimeter) or according to a predefined pattern that distributes samples 

uniformly over an area. Systematic methods are suitable for any project, but are especially useful for 

projects where there is limited information about the likely distribution of release-related chemicals (e.g., 

fields, vacant lots, or sediment deposition zones). It is appropriate to use the results of systematic 

samples to calculate representative concentrations (Section 3.2) across decision units. Because it starts 

with less information than the judgmental approach, systematic sample placement often requires more 

sample locations than does judgmental sample placement to achieve adequate coverage of the area 

under investigation. In some cases it may be possible to use pre-existing information (e.g., topography or 

regional groundwater flow direction information) to modify the systematic sampling array in a way that 

reduces the required number of sample locations. In other instances, a systematically placed sample may 

reveal release-related chemicals at concentrations exceeding unconditional remediation objectives, thus 

enabling that location to serve as the starting point for a stepping out procedure. 

Sometimes it is useful to combine the two approaches. For example, judgmental sampling may identify 

specific areas of concern, followed by systematic sampling within those areas. The resulting exposure 

estimate may be more representative than judgmental sampling of release-related chemical 

concentrations in a decision unit. U.S. EPA (2002c) includes guidance on numerous sampling designs. 
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Appropriate sample media will depend on project-specific factors and the exposure scenarios under 

evaluation. For example, IDEM may not require collection of surficial soil samples for characterization of 

subsurface releases. Conversely, a surficial release followed immediately by removal might achieve 

closure with only post-removal surficial soil samples. IDEM anticipates that adequate characterization of 

most releases will require analytical data for both soil and groundwater, and that vapor phase samples 

will also be required for some types of releases. 

Note that IDEM may conduct field audits during any sampling event7. The scope of audits may vary by 

program and may include split sampling. For this reason, program areas and project managers may 

request advance notice of proposed field activities. 

When there is incomplete or unreliable information about activities at a facility, IDEM programs may 

specify pre-defined lists of chemicals for analysis. For example, the comprehensive list for Resource 

Conservation and Recovery Act (RCRA) Subtitle C facilities may include Appendix VIII8 (for soil) and 

Appendix IX9 (for groundwater). Less comprehensive lists, such as the Comprehensive Environmental 

Response, Compensation, and Liability Act target compound list or target analyte list may be more 

appropriate if they include release-related chemicals. Ecological risk assessment may involve evaluation 

of different or additional release-related chemicals than those relevant to human health risk assessment. 

The types of release-related chemicals will dictate which analytical methods are most appropriate for 

different media. Table 2-A summarizes analytical recommendations for various facilities and release 

types. IDEMôs Site Characterization and Sampling Guidance10 offers lists of the release-related chemicals 

most commonly encountered at several types of facilities and provides recommended analytical methods. 

  

                                                      

7 Under authority in IC 13-14-2-2; IC 13-23-13-12; IC 13-24-1-6; and IC 13-25-4-6. 

8 Code of Federal Regulations (CFR) Title 40, Part 261 

9 CFR Title 40, Part 264 

10 https://www.in.gov/idem/cleanups/2342.htm 

https://www.in.gov/idem/cleanups/2342.htm
https://www.in.gov/idem/cleanups/2342.htm
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Table 2-A: Chemicals Often Associated with Various Facilities and Releases 

 
Chemical or Chemical Class 
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Dry Cleaning Industry X4     X     

E-85 Fuel X5      X X X X 

Manufactured Gas Plants X X X7  X6     X 

Auto Salvage Yard X X X  X    X X 

Metal Finishing X   X X      

Gasoline Range Product9 X5,8    X8      

Diesel Range Product10 X X         

Hydrocarbon Oil Range Product  X         

Waste/Used Oil; Unknown 
Petroleum Product 

X8 X         

Notes: 

1Polyaromatic hydrocarbons (PAHs) should include all compounds on the U.S. EPA SW-846 Method 
8310 analyte list. 
2Misc. ï See relevant technical guidance document(s) and/or contact IDEM for additional testing 
recommendations 
3Chlorinated volatile organic chemicals (CVOCs) include, among other chemicals, tetrachloroethene, 
trichloroethene, 1,1,1-trichloroethane, 1,2-cis- and 1,2-trans-dichloroethenes, and vinyl chloride 
4Analyze full VOCs if solvents other than tetrachloroethene, trichloroethene, and/or 1,1,1-
trichloroethane were used 
5Include naphthalenes (naphthalene, 1-methylnaphthalene, 2-methylnaphthalene) 
6See relevant technical guidance document for list of metals 
7Report total polychlorinated biphenyls (PCBs) and Arochlors 
8Report total lead and lead scavengers (1,2-dibromoethane and 1,2-dichloroethane) when investigating 
aviation gas and racing fuel, or when automotive gas was used or stored before January 1, 1996 
9Includes automotive gas, aviation gas, racing fuel, Stoddard solvent, naphtha, JP-4, and ethanol fuel 

10Diesel #1 and 2, kerosene, JP# 5, 7, & 8, light oil, heating oil, and biodiesel <100% 

  



 

 

23 

 

2.2.3 General Sampling Guidance 

Sampling is the process of collecting an aliquot of some medium for analysis, with the intent of using the 

resulting concentration to represent, singly or in concert with other results, a representative concentration 

in a decision unit. Sampling procedures matter. If samples are not collected properly they will not 

adequately represent the decision unit under investigation, and subsequent laboratory work may be 

pointless. 

In general, minimize the possibility of cross-contamination by using disposable sampling equipment. If 

disposable sampling tools are not available or not practical, specify the cleaning procedures used. Wear 

clean sampling gloves at each sampling point. Wash reusable sampling equipment with a detergent 

solution (e.g., Liquinox or equivalent), and rinse before each use. Adequate sample volume must be 

collected to allow for the analysis of release-related chemicals. 

Several field-portable instruments and detectors (for example photoionization detector, flame ionization 

detector, colorimetric test kits, immunoassay kits, portable gas chromatographs, x-ray fluorescence units, 

etc.) can be used to screen environmental media. All field instruments have advantages and limitations. 

The instrument used must be capable of detecting release-related chemicals and users must be familiar 

with and follow operating instructions recommended by the manufacturer. SAPs should describe the field 

instruments and their use as appropriate for the release-related chemicals. The discussion should also 

include any limitations that could affect the use of an instrument (e.g., chemicals not detected, moisture, 

cold weather, etc.) 

A project SAP should describe proper disposal of purge water, borehole cuttings, or other investigation-

derived wastes (IDW). IDW management must ensure protection of human health and the environment 

and comply with other applicable state and federal regulations. See U.S. EPA (1992) for guidance on 

management of IDW. 

IDEM may request documentation that persons conducting sampling have received adequate training to 

do so and are using the most current version of the project SAP, including the most recent version that 

IDEM has approved. Training records and field notes are examples of such documentation. 

2.2.4 Sampling Soils 

There are many possible reasons for sampling soil. Examples include: 

¶ Delineating horizontal and vertical extents of release-related chemicals 

¶ Evaluating direct contact risk 

¶ Identifying source location(s), including NAPL 

¶ Guiding placement of monitoring well screens 

¶ Guiding remedy design, selection, and implementation 

¶ Evaluating the adequacy of a remedy 

¶ Meeting program-specific requirements. 

Depending on their purpose, soil samples may be collected from the ground surface, below the surface, 

and/or from excavation walls and bottoms. Collect separate soil aliquots or sufficient sample volume to 

allow determination of percent solids to enable reporting soil sample results on a dry weight basis. 

When investigating a surface release, it may be necessary to begin soil sampling at the ground surface, 

proceeding downward until direct contact exposure is adequately understood. This may involve collecting 

more than one surface or near surface sample. If release-related chemicals extend into the subsurface, 
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additional samples may be necessary to understand their distribution and associated risk potential. When 

release-related chemicals are likely confined to the subsurface (e.g., following a release from an 

underground storage tank), surficial soil samples may not be necessary. 

The following conditions may identify one or more subsurface soil locations suitable for sampling, 

whatever the purpose of the sampling: 

¶ Locations that elicit the highest field screening result 

¶ Stained, discolored, oily, shiny, or visibly altered soil 

¶ Soil in strata likely to be contain release-related chemicals based on chemical characteristics and soil 
type. For example, potential accumulation of metals in clay or silt, accumulation on the top of clay 
strata or at the bottom of sand strata, or other locations based on the expected behavior of the 
release-related chemical in the environment. 

In the absence of positive screening results or visual cues, samples from borings submitted for laboratory 

analysis should be from a material within the core interval displaying the greatest apparent effective 

porosity. Other options include analyzing a sample from each stratum, or from each two-foot interval. 

When describing soils, start by using standardized soil classification systems such as USCS or USDA. 

These systems provide a description of the soil composition and texture only. Additional important 

characteristics when evaluating soil cores for environmental characterization include the following: soil 

structure, sedimentary features, consistency, moisture content (qualitative determination), boundary or 

contact, and zones of secondary porosity. Munsell soil charts, or a suitable alternative, are useful when 

evaluating and describing soil color. 

Sampling Excavation Walls and Bottoms 

IDEMôs underground storage tank (UST) programs have specific guidance for collecting soil samples 

along excavation walls and across excavation bottoms, summarized in Table 2-B. Similar procedures are 

usually appropriate in other programs. IDEM will evaluate alternative procedures on their merits. 
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Table 2-B: Excavation Sampling11 

The sample types and frequencies specified in this table are required for underground storage tank 
excavations. IDEM has determined that they are also generally acceptable for other types of excavations. 

Bottom 
Samples 

USTs < 10,000 gallons 

Two samples within two feet below both ends of each UST 

USTs > 10,000 gallons 

One additional sample within two feet below the middle of the UST 

Sidewall 
Samples 

UST perimeter < 80 feet 

Four sidewall samples collected from half the distance between the surface and the 
bottom of the UST excavation or the area most likely to contain the highest levels of 
release-related chemicals based on field observation 

UST perimeter > 80 feet 

One sidewall sample every 20 linear feet collected from half the distance between the 
surface and the bottom of the UST excavation or the area most likely to contain the 
highest concentrations of release-related chemicals based on field observation 

Piping 
Samples 

Pipe run < 20 feet 

One sample half way between UST and dispenser or fill port 

Pipe run > 20 feet 

One sample for every 20 linear feet of pipe run 

One sample under every piping elbow or connector 

Dispenser 
Samples 

One sample under each dispenser 

Excavated 
Material 

Sampling of excavated material must occur for every 50 cubic yards of material that is 
treated, disposed, or returned to the excavation area as backfill. Soils with release-
related chemicals at concentrations exceeding relevant remediation objectives should 
not be returned to the excavation. 

Pit Water One sample of any water encountered in the excavation. If water is not encountered 
during the excavation, see 329 IAC 9-6-2.6 for requirements specific to underground 
storage tank excavations. 

Sampling Volatile Organic Chemicals in Soils 

As their name suggests, volatile organic chemicals (VOCs) evaporate readily. This property can lead to 

significant VOC losses during sample collection and handling, and result in biased analytical data. When 

sampling VOCs in soils, use U.S. EPA SW-846 Method 5035A (as updated) to minimize VOC loss. 

Appendix A of Method 5035A describes several options for collection, preservation, and storage of 

                                                      

11 Per IC 13-23-1-2 and 329 IAC 9-6-2.5(c) 
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samples for VOC analysis. However, the specialized containers and preservation techniques described in 

Method 5035A may be unnecessary for samples collected within areas where release-related chemicals 

are known or suspected to exceed remediation objectives, as long as the sampling method meets DQOs. 

SW-846 Method 5035A, Appendix A, Section 7.1 states: 

ñAfter a fresh surface of the solid material is exposed to the atmosphere, the subsample collection 

process should be completed in the least amount of time in order to minimize the loss of VOCs due to 

volatilization. Removing a subsample from a material should be done with the least amount of disruption 

(disaggregation) as possible. Additionally, rough trimming of the sampling locationôs surface layers should 

be considered if the material may have already lost VOCs (been exposed for more than a couple of 

minutes) or if it may be contaminated by other waste, different soil strata or vegetation. Removal of 

surface layers can be accomplished by scraping the surface using a clean spatula, scoop, knife, or 

shovelò. 

Use screening instrument results, professional judgment, and knowledge of the release-related chemicals 

and soils to decide which samples to send to the laboratory. To minimize VOC loss, collect subsamples 

from the soil core as quickly as possible, taking special care to limit exposure and disaggregation of the 

soil. Any samples not sent to the lab are considered investigation-derived waste and should be treated as 

such. The field record should clearly document reasons for choosing particular samples for lab analysis. 

Photoionization detectors (PIDs) detect most VOCs and are probably the most commonly used VOC field 

screening instrument at both gasoline and chlorinated solvent releases. PIDs are suitable for chemicals 

with an ionization energy less than the PIDôs lamp voltage ï typically 10.6 electron volts. Higher voltage 

PID lamps exist and can somewhat extend the range of detected chemicals. A flame ionization detector 

(FID) may be a suitable alternative when working with unknown chemicals, or when the chemicals have 

higher ionization potentials than the PID lamp. FIDs may prove especially useful when screening for 

diesel fuel, and weathered to heavy petroleum products. 

When sampling under this procedure: 

¶ Allow sufficient time between subsurface soil core retrievals to avoid sampling backlogs 

¶ Protect soil cores from direct sunlight, rain, wind, etc. 

¶ Collect subsamples soon after removing the soil core from the borehole. It is not appropriate to collect 

subsamples from previously iced material, or to wait five or more minutes for a standard headspace 

analysis before deciding whether or not to collect subsamples from soil left in the core barrel liner (or 

similar device) or soil screening container. 

IDEMôs Office of Land Quality Site Characterization and Sampling Guidance12 contains additional 

information on sampling soils for VOCs. IDEM will consider alternatives to the procedures and equipment 

described in Method 5035A and supplemental guidance on a project-specific basis. 

Evaluating Leaching Potential 

Release-related chemicals sorbed to vadose zone soils or NAPLs may move down through the soil 

column (leach) and cause or contribute to concentrations of those chemicals in groundwater that exceed 

unconditional remediation objectives. Evaluating leaching potential is of particular concern when release-

related chemicals have not had time to leach to groundwater, or when vadose zone NAPL or impacted 

soils are overlain by concrete, asphalt, buildings, or other barriers to precipitation infiltration. In the latter 

                                                      

12 https://www.in.gov/idem/cleanups/2342.htm 

https://www.in.gov/idem/cleanups/2342.htm
https://www.in.gov/idem/cleanups/2342.htm
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case, the results of such evaluation are an important line of evidence when deciding whether the existing 

or similar barrier should remain in place to prevent creation of, or significant contributions to, any release-

related chemical plume in groundwater. 

When evaluating leaching potential, consider using the synthetic precipitation leaching procedure (SPLP, 

U.S. EPA Method 1312) or a similar method. When using SPLP, collect a minimum of three vadose zone 

soil samples from the area of highest release-related chemical concentration and analyze them using 

SPLP. Existing analytical information, knowledge of stratigraphy, and professional judgment are also 

important when selecting the locations and appropriate number of samples. SPLP uses a blend of dilute 

inorganic acids to simulate acid rain and its effects on chemicals in soils (U.S. EPA, 1994). The method 

produces a leachate solution, and the laboratory reports the concentrations of chemicals in that solution. 

2.2.5 Sampling Groundwater 

Appropriate groundwater sampling procedures and equipment will vary depending on local conditions and 

individual program requirements. Yeskis and Zavala (2002) provides general guidance on preparing for 

and performing groundwater sampling. U.S. EPA (2005) addresses sampling groundwater from direct-

push wells. IDEM (2009) addresses the use of monitoring wells and groundwater grab samples. All 

sampling methods and equipment should be clearly documented, including purge criteria and field 

readings, to allow for verification of sampling procedures and data interpretation. 

It is often useful to collect groundwater samples from boreholes prior to installing permanent monitoring 

wells. Groundwater grab samples can be collected using a variety of methods. Method choice depends 

on the type of drilling equipment and sample interval. Groundwater grab samples are often turbid and 

analytical results may not be representative of dissolved chemical concentrations. Purging multiple 

borehole volumes may reduce turbidity in samples. However, under most circumstances (e.g., when 

limited groundwater availability or the sampling technique does not allow it), purging may not be possible. 

IDEM (2005) addresses filtration of turbid samples. Groundwater grab sample data is typically used for 

screening purposes, initial extents determinations, directing further investigation, or as a line of evidence 

in combination with groundwater monitoring well data. 

Low-flow (also called ñmicro-purgeò or ñminimal drawdownò) sampling procedures may improve 

groundwater sample quality. Puls and Barcelona (1996) is the primary U.S. EPA guidance on this 

procedure. Note, however, that Svavarsson et al. (1995) compared low-flow sampling and bailers and 

found no significant differences in recovery of volatile organics. A non-purge sampling option may be 

suitable for petroleum releases; IDEM (2017 and 2017b) contain low-flow and non-purge sampling 

guidance. 

Groundwater sampling equipment should be capable of meeting the projectôs data quality objectives. 

Peristaltic pumps, high-speed submersible pumps, and inertial lift pumps may cause excessive agitation 

of groundwater samples, and IDEM does not recommend their use when collecting samples for VOC 

analysis (Nielsen 2005; Yeskis and Zavala 2002; U.S. EPA 2005). However, use of a peristaltic pump 

may be acceptable in some instances discussed in IDEM (2017c). Polyethylene diffusion bag samplers 

and other types of passive sampling devices may also be acceptable for long-term groundwater 

monitoring for projects that meet a strict set of criteria (ITRC 2007 and IDEM 2019d). The Federal 

Remediation Technologies Roundtable website13 includes descriptions of many types of sampling 

                                                      

13 http://www.frtr.gov/ 

http://www.frtr.gov/
http://www.frtr.gov/
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equipment and a matrix that compares the advantages and disadvantages of different types of sampling 

equipment. 

When historical groundwater data is available, sample collection should begin with those wells containing 

the lowest concentrations of release-related chemicals, and proceed to wells with increasingly higher 

concentrations. Otherwise, begin with wells upgradient of likely source points, continue with downgradient 

wells, and finish with wells in or closest to suspected source points. If NAPL is suspected or if strong 

odors are present in a well, attempt to measure NAPL thickness. Sampling groundwater at monitoring 

wells with NAPL is not a common occurrence and is typically not required. However, sampling of wells 

with NAPL may be performed if it is necessary to address a clearly defined project-specific objective. 

IDEM recommends using laboratory supplied sampling containers and preservative(s) for groundwater 

samples. Collect enough samples to allow for possible breakage and quality assurance needs. For VOC 

analysis, groundwater samples must be collected in 40 ml glass vials with Teflon® septa. The vials may 

be either preserved with concentrated hydrochloric acid or they may be unpreserved. Preserved samples 

have a two-week holding time, whereas unpreserved samples have only a seven-day holding time. 

Groundwater with dissolved carbonates may effervesce and produce bubbles if placed in a vial with 

hydrochloric acid. This will render the sample unacceptable. In this case, unpreserved vials should be 

used and arrangements should be made with the laboratory to ensure that they can meet the shorter 

sample holding times. A trip blank is recommended when collecting samples for VOC analysis to 

document any sample contamination attributable to shipping and field handling. 

2.2.6 Sampling Vapor 

Though perhaps not as well understood as soil and groundwater sampling procedures, vapor sampling 

has been underway in Indiana and elsewhere for well over a decade. Detailed guidance on many vapor 

sampling procedures is available in U.S. EPA (2015, 2015b) and the documents they reference. 

Therefore, consistent with its treatment of soil and groundwater sampling procedures, the Risk-based 

Closure Guide provides only a brief summary of some standard approaches to vapor sampling. There are 

many other possible approaches. The optimal approach will depend on circumstances and may change 

as the investigation proceeds. IDEM will evaluate alternate approaches on their merits, but because the 

conclusions of a vapor intrusion investigation are typically based upon a relatively limited data set that 

typically represents highly variable vapor concentrations, IDEM has determined that conservative 

approaches are generally preferable when investigating vapor risk. 

Paired indoor air (IA) and subslab soil gas (SGss) or crawl space air (CSA) sampling helps establish the 

relationship between concentrations of release-related chemicals in subsurface vapor and indoor air. It is 

a strong line of evidence that also helps to explain sources of release-related chemicals within the 

building. IDEM does not recommend sampling only IA because indoor sources may make interpretation 

of the results difficult. 

Preferential pathways, including conduits, can allow vapors to reach indoor air without significantly 

affecting the subsurface beneath a building. For this reason, vapor characterization must include 

sampling in preferential pathways, including conduits. 

Exterior soil gas sampling (SGe) is appropriate for delineating soil vapor plumes, use as a stand-alone 

investigative tool to evaluate vapor intrusion potential at structures whose owners do not grant access for 

sub-slab sampling, during preferential pathway investigations, or when evaluating vapor intrusion 

potential at undeveloped properties. Depending on the SGe sampling density, SGe sample results that 

are not paired with indoor air sample results may not be sufficient to rule out current vapor intrusion. 
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As noted in U.S. EPA (2015) there are several types of vapor sampling technologies. IDEM will accept 

vapor data collected using any type of vapor sampling technology that meets project-specific DQOs. 

¶ Evacuated canisters use a vacuum to draw in whole air samples. Batch-certified clean canisters are 

acceptable for high concentration applications, such as soil gas or conduit vapor sampling. 

Individually certified clean canisters are necessary for indoor air sampling14. Canisters usually arrive 

from the laboratory equipped with flow regulators and a vacuum gauge. Laboratories typically pre-set 

flow regulators, so it is important to determine appropriate flow rates prior to delivery. 

¶ Active sorbent samplers that use pumps to mechanically draw air through the sorbent, or passive 

sorbent samplers that rely on diffusion from the air, are often able to function over longer time periods 

than evacuated canisters, and may have significant advantages for evaluating long-term vapor 

exposure risk. Both sorbent sampling approaches are typically coupled with U.S. EPA Method TO-17. 

¶ Tedlar® bags are only acceptable in very specific circumstances, due to concerns about leaks, 

pressure changes during transport, cleanliness certification, and very short holding times (two to three 

hours). 

Note that smoking, solvent use, and similar activities near vapor sampling areas may compromise 

analytical results. 

2.2.6.1 Soil Gas Sampling: General Considerations 

Soil gas samples are whole air samples collected from within the soil matrix. Exterior soil gas (SGe) 

samples are from soils outside a building footprint, while subslab soil gas (SGss) samples are from soils 

underneath the basement or slab of a building. In very general terms, collecting soil gas samples requires 

installing a probe into the vadose zone, drawing gas out of the vadose zone, and collecting that gas for 

analysis (U.S. EPA 2015, Vapor Guidance). Appropriate procedures vary somewhat depending on 

whether the soil gas is exterior or subslab. 

2.2.6.2 Sampling Exterior Soil Gas (SGe) 

Exterior soil gas samples come from boreholes advanced into the vadose zone in areas outside the 

footprint of a structure. Exterior soil gas samples are also useful when identifying and delineating a 

chlorinated solvent source via the soil gas plume, evaluating preferential pathways, vapor intrusion 

potential at undeveloped properties, or when a property owner will not permit installation of subslab soil 

gas sampling ports. 

Exterior Soil Gas: Appropriate Sampling Conditions 

Soil moisture content strongly affects migration of vapors through the subsurface (Tillman and Weaver, 

2007). Wetting fronts moving downward though the unsaturated zone can cause underestimation of vapor 

concentrations. Significant precipitation may cause high vacuum readings, extended sample collection 

time, and visible moisture droplets within the sampling train during sample collection. Therefore, IDEM 

generally recommends waiting at least 72 hours after a significant precipitation event (at least one inch of 

rain) before collecting SGe samples. The amount of precipitation required to affect the movement of 

vapors will depend on a number of factors, including soil type, the soil moisture conditions prior to the 

precipitation, ground cover, and other factors that influence infiltration. Because of this, IDEM relies on 

                                                      

14 A percentage of batch-certified clean canisters have been tested by the laboratory supplying them. Canisters that are individually 
certified clean have been separately checked by the laboratory. 
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the professional judgment of the consulting geologist to determine when sampling conditions are 

appropriate. Soil boring logs should note soil moisture conditions for each soil gas sampling port. 

Exterior Soil Gas: Sample Number and Placement 

Volatile release-related chemicals in both soil and groundwater may be a source of subsurface vapors. To 

evaluate subsurface vapors, U.S. EPA recommends soil gas surveys that include a ñnear-sourceò soil gas 

sample collected immediately above each potential source (U.S. EPA, 2015). Near source soil gas 

samples are expected to have the highest concentrations and be the best indicator of vapor intrusion 

potential. Source depths vary. Therefore, U.S. EPA (2015) recommends that soil gas samples be 

collected from multiple locations and depth intervals between the vapor source and potential receptors. 

For purposes of this document, IDEM generally considers shallow soil gas to include samples collected 

no more than five feet below ground surface, and deep soil gas samples to include samples collected at 

more than five feet below ground surface. 

IDEM recommends sampling stratified/nested soil gas points to evaluate vertical attenuation of vapors 

through the soil column, especially where subsurface geology is complex. When collecting 

stratified/nested soil gas samples, one sample should be collected closest to the source(s) and one 

sample should be collected closest to the potential receptor. 

In some instances, deeper samples are unrealistic due to shallow groundwater. In these instances, 

shallow soil gas samples should be collected. Because soil gas concentrations can exhibit considerable 

spatial variability due to atmospheric influence, precipitation, advective flow, etc., particularly in shallow 

soil gas samples, additional sampling events or locations may be appropriate to ensure representative 

values. 

Stand-alone SGe samples typically cannot accurately estimate SGss or IA concentrations. Soil gas 

concentrations tend to be higher beneath a building than at the same depth in adjacent open areas when 

the vapor source is underneath the building, even if the source is laterally extensive relative to the 

building footprint (U.S. EPA, 2015). When it is necessary to use SGe samples to evaluate vapor intrusion 

potential, collect SGe samples from depths below the buildingôs foundation and along the side of the 

building closest to the source as a reasonable worst-case representation of conditions underneath the 

building in the absence of routes for preferential vapor migration or soil gas entry. 

Active Soil Gas Sampling Procedures 

1. Advance a borehole. Exterior soil gas sampling requires a borehole, advanced using a hand auger, 

a hollow-stem auger, or direct-push methods. Small-diameter (less than two inches) boreholes, 

installed using direct-push methods, minimize disturbance of surrounding soils. Placement of exterior 

soil gas samples depends on the purpose of the sampling. When delineating soil gas plumes, 

placement should be governed by the needs associated with that task ï typically, stepping out from a 

known or suspected source. When evaluating the potential for soil gas to enter a nearby structure, it 

is generally preferable to place the borehole as close as possible to the structure. 

Unless professional judgment suggests otherwise, collect SGe samples from two locations near 

residential buildings: the side of the building closest to any known vapor source, and the upgradient 

side of the building. If these locations are on the same side of the building, collect two SGe samples 

from separate locations on that side of the building. For large commercial buildings, two or more SGe 

samples per side of the building may be necessary to characterize vapor conditions in the 

subsurface, and additional SGe sampling locations will be necessary along multiple sides of the 

building. 
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All else equal, soil gas samples collected from a depth just above a known or suspected vapor source 

are preferable to shallow soil gas samples for purposes of predicting the potential of vapors to enter 

structures (U.S. EPA, 2015). As with groundwater, local geology, preferential pathways, and chemical 

characteristics will often have a considerable influence on subsurface transport, and must be taken 

into account when choosing sampling locations. 

2. Install a vapor sampling probe and seal the sampling port. To avoid cross-contamination of vapor 

samples by the sampling equipment, use vapor probes made of inert materials (e.g., stainless steel, 

copper, brass, polyvinyl chloride, polyethylene). Where practical, use permanent sample ports, as this 

allows repeated testing of vapors from the same location. Permanent sampling port materials should 

be durable enough to last through multiple sampling events. Minimize the number of fittings and 

tighten them as necessary to avoid system leaks. As part of preventing ambient air from entering the 

sampling train, seal the annulus between the probe and the borehole. 

3. Allow the subsurface to equilibrate. U.S. EPA (2015) notes that installing soil gas probes can 

disturb subsurface soil conditions, and recommends allowing the subsurface to equilibrate prior to 

sample collection. Appropriate equilibration times depend on installation technique. For example, the 

California Environmental Protection Agency (Cal EPA, 2015) recommends an equilibration time of 

two hours for temporary driven probes and two days for probes installed using an auger. 

4. Perform a leak test. All connections or fittings in the sampling equipment need to be tight, so that 

outside air leakage into the sample collection container does not occur. For this reason, perform a 

leak test to check the integrity of the sampling system. Common tracers used during leak checks 

include: helium, propane, isopropanol, pentane, and butane. Choose a tracer that will not interfere 

with the analytical method for the sample. See Hartman (2006), NYDoH (2006) and Cal EPA (2015) 

for detailed guidance on leak testing. 

5. Purge the sampling apparatus dead volume. Purge three times the dead volume of the sampling 

apparatus. A large graduated syringe or hand-operated vacuum pump are suitable for this purpose. 

The dead volume of the sampling apparatus includes the implant screen and the tubing, but not the 

sample container volume nor the sand pack volume. Avoid over-purging. Minimal purging reduces the 

risk of inducing air flow from outside the area of interest. Sampling equipment with the smallest 

possible internal volume that can meet project DQOs will reduce the need for purging. 

6. Collect the vapor sample. Vacuum during sampling should be as low as possible, subject to 

acceptable leak test results. Low vacuum and a low sample collection rate will minimize short-

circuiting of vapors from outside the area of interest. A sampling rate of 100 to 200 milliliters per 

minute is preferable (Cal EPA, 2015). A very slow draw rate will improve results where wet or fine-

grained soils necessitate high vacuum. 

Passive Soil Gas Sampling 

Passive soil gas sampling procedures are similar to those used to collect active soil gas samples. Passive 

sampling relies on the diffusion of compounds in the vapor state to absorbent(s) housed in a chemically-

inert container designed to protect sample integrity (Hodny et al., 2009). For passive soil vapor sampling, 

a hole must be drilled, the sampling device should be protected from direct contact with soil, and the 

sampling device should be sealed in place with a seal that is at a depth just above the sampling device, 

and capped at the ground surface (McAlary et al., 2014a, 2014b, 2014c; Hodny et al., 2009; Odencrantz 

and OôNeill, 2009). For soil gas sampling, it may not be necessary to purge when using passive samplers 

(McAlary, 2014). After a number of days, chemical vapors amass onto the absorbent material. The 

sampling device is then removed and analyzed. 
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Possible advantages of passive sampling include longer-term sample collection periods, lower costs, and 

simpler procedures. Possible problems include poor retention of target chemicals, starvation effects, 

matching target chemicals with appropriate sorbents, and unplanned uptake of non-target chemicals. 

McAlary et al. (2014a, 2014b, 2014c) have determined that passive samplers can be used to quantify soil 

vapor concentrations provided the uptake rate of the sampling device is less than the supply rate of 

vapors from the surrounding materials. This avoids low bias from the starvation effect. 

Dawson et al. (2015) provides an overview of different passive samplers and factors to consider when 

selecting an appropriate passive sampling device. For soil gas sampling, passive permeation sampling 

devices may be particularly suited to soil vapor sampling as the hydrophobic nature of the membrane 

limits soil moisture uptake. IDEM recommends consulting your analytical laboratory for the latest 

information on passive sampling technology, uptake rates, sorbents, sampling protocols, and necessary 

quality assurance procedures. 

2.2.6.3 Sampling Subslab Soil Gas (SGss) 

SGss sampling means collection of air samples from immediately below the basement or slab of a 

building. The process involves drilling one or more holes through the concrete floor, placing a sleeve or 

probe through the concrete, and then collecting an air sample into an evacuated canister. SGss ports 

may be permanent or temporary. 

IDEM considers paired SGss and IA samples best for evaluating vapor intrusion potential into IA. Paired 

samples allow quantification of the actual increased risk from vapor intrusion, while reducing concerns 

about potential background sources within the building. However, SGss sampling is acceptable as a 

stand-alone screening tool, provided there is an adequate investigation of preferential pathways and 

subslab spatial variability. In instances where subslab sampling is conducted without IA sampling, IDEM 

recommends a more structured preferential pathway investigation at each building location (e.g., one 

conduit vapor sample per residence within the potential preferential pathway). 

Subslab Soil Gas Sampling: Appropriate Conditions 

Most indoor air measurements represent a narrow ñsnapshot in timeò because of problems with getting 

repeat access and uncertainty over seasonal and building variations. Due to these uncertainties and 

limited sampling data, IDEM recommends sampling during ñworst caseò conditions. Sampling during 

worst-case conditions provides limited exposure data that are likely to be biased high. This bias may be 

considered when evaluating the need for action if indoor air sampling can be conducted at a frequency 

that addresses seasonal and building variability. IDEM will consider alternative SGss sampling schedules, 

especially where sampling needs are urgent, seasonal variation is insignificant, or where building 

conditions, weather conditions, or other factors suggest that worst case conditions occur outside of the 

winter heating and dry summer seasons. 

Collect SGss samples during at least two different time periods to account for worst case conditions 

related to seasonal variability. Historically, the winter heating and summer cooling seasons have been 

considered the worst case sampling scenarios for vapor intrusion, because there is normally less external 

ventilation and HVAC systems can create a pressure differential that pulls gases up from the subsurface. 

One round of SGss samples should be collected during the winter heating season (approximately mid-

November through March), when the indoor temperature is typically at least ten degrees higher than the 

outdoor temperature. Winter heating season SGss samples should be collected with building windows 

and doors closed and the building heating system in operation.  

A second round of SGss samples should be collected during the dry summer season. Soil moisture 

content and water table fluctuation may have a more significant impact on vapor intrusion than winter 
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heating season conditions. The highest transfer rates for VOCs from groundwater to soil gas occur during 

falling water table conditions (McHugh and McAlary, 2009). Generally, the water table is falling during the 

hot, dry summer months in Indiana (typically July through mid-September). Additionally, buildings 

equipped with cooling systems will have the windows and doors closed. 

Subslab Soil Gas Sampling: Number and Placement 

Investigative goals, utility locations, owner preferences, and other practical considerations will affect the 

number and locations of SGss samples. Monitoring points should be installed at locations with minimal 

potential for AA infiltration via floor penetration (e.g., cracks, floor drains, utility perforations, sumps, etc.) 

U.S. EPA (2015) recommends collecting at least three SGss samples at structures with a footprint less 

than 1,500 square feet. However, IDEM recognizes that this may be impractical or unobtainable in 

residential structures. Generally, IDEM recommends collecting at least one SGss sample in residential 

structures. Additional SGss sample locations may be necessary pending evaluation of the building 

structure and data collected. 

For commercial/industrial buildings IDEM recommends collecting an adequate number of SGss samples 

to evaluate spatial distribution of vapors. Multiple SGss ports can help interpret anomalous SGss/IA data 

or support conclusions about surrounding buildings that are not well-sampled. Sampling locations should 

take into account: areas highly susceptible to releases (e.g., machine pits, dry cleaning machine 

locations, etc.), internal building partitions, HVAC layout, chemical distribution, utility conduits, and 

openings for preferential soil gas entry. 

For both residential and commercial/industrial buildings, centrally located sampling ports are appropriate 

where the subsurface vapor source is laterally extensive relative to the building footprint (e.g., a 

groundwater source). Other approaches may be necessary for atypical situations, which include:  

¶ Very large or small homes or buildings;  

¶ Buildings with more than one foundation floor type;  

¶ Subsurface structures or conditions that might facilitate or mitigate vapor intrusion; and  

¶ Multi-use buildings with distinct segmented areas that differ significantly by occupying population or 

exposure frequency. 

Subslab Soil Gas Sampling: Frequency and Duration 

Assessing the risk posed from the vapor intrusion pathway through the subslab of a building generally 

requires at least two rounds of SGss sampling (one during the winter heating season and one during the 

dry summer season). Collect the second round of SGss samples from the same locations as the first. The 

second sampling event is especially important when confirming SGss results used as a stand-alone 

determination of the vapor intrusion pathway. If the results of the first two SGss sampling events are 

contradictory or inconclusive, IDEM may request additional sampling. 

In order to minimize air infiltration, maximum flow rates through the SGss probe and related tubing should 

not exceed 200 mL/min during purging and sampling. Most subslab samples are collected as grab 

samples, though canister fill rates and durations may vary depending on project objectives. 

Subslab Soil Gas Sampling: Recommended Procedures 

Subslab soil gas sampling is similar to exterior soil gas sampling (Section 2.2.6.2), though there are some 

key differences. U.S. EPA (2015) describes a procedure for collecting subslab soil gas grab samples in 

six liter evacuated canisters. IDEM has determined that the Vapor Pin® or similar subslab soil gas 
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sampling technology is acceptable, as are canisters as small as one liter, as long as they meet project 

DQOs. Considerations to keep in mind when collecting subslab soil gas samples include: 

¶ During colder months, building occupants should operate heating systems to maintain normal 

temperatures of 65-75ęF for at least 24 hours prior to and during sampling. 

¶ Purge three volumes of the sample probe and tubing immediately prior to sampling. Use a large 

graduated syringe or hand-operated vacuum pump to purge the sampling point. Avoid exceeding a 

maximum flow rate of 200 mL/min during purging and sampling in order to minimize air infiltration. 

When subslab soil gas sampling is no longer needed at a particular building, remove the sampling ports 

and seal the remaining holes to prevent migration of vapors through the slab. 

2.2.6.4 Sampling Conduit Vapor 

Sewers and other open conduits can receive, intercept, and transmit vapors or liquids containing volatile 

chemicals to receptors. While there are differences between conduits (within an open pipe) and utility 

corridors (backfill around underground utilities), IDEM considers both to be anthropogenic preferential 

pathways15. As Roghani et al. (2017) note, there is increasing recognition of the importance of conduits 

as a pathway for vapor intrusion, as vapors can migrate into occupied structures through plumbing 

systems that are not properly maintained. 

Sampling Conduit Vapor: Appropriate Conditions 

Collect conduit vapor samples during both high and low groundwater conditions. When collecting conduit 

vapor samples via grab techniques, collect those samples when baseline flow is relatively low ï typically, 

between 9 AM and 3 PM (McHugh and Beckley, 2018). Wait at least 72 hours following a significant rain 

event (defined for this purpose as being at least one inch) to collect conduit vapor samples. 

While conduit vapor samples are generally preferable, liquid samples collected from within the conduit 

may provide information about vapor sources. To reduce the influence of ambient air, collect conduit 

vapor samples prior to collecting conduit liquid samples. If possible, collect liquid samples when the water 

table is above the conduit. This allows for potential infiltration of release-related chemicals into the 

conduit. 

Sampling Conduit Vapor: Number and Placement 

Collect conduit vapor and/or liquid samples from those conduits most likely to have the highest 

concentrations of release-related volatile chemicals. For example, if chemicals were disposed of directly 

down a sink drain leading to the sanitary sewer, a conduit vapor sample should be collected at the closest 

point of access to this source (e.g., behind the u-bend of the sink, the sewer cleanout leading from the 

property, or closest connected conduit access point). If shallow groundwater containing release-related 

chemicals intersects a potential preferential pathway, a conduit liquid sample will show whether those 

chemicals are infiltrating the conduit, thus functioning as a continuing source of vapor into the conduit. In 

this scenario, conduit vapor samples should be collected with conduit liquid samples. 

Sample each conduit that may be a preferential pathway for vapors. Additionally, collect one up-gradient 

and one down-gradient conduit vapor sample from each conduit (where gradient is determined by the 

flow direction of liquids inside the conduit). Delineation of conduit vapor should continue in the appropriate 

direction(s). 

                                                      

15 For more information refer to IDEMôs Investigation of Manmade Preferential Pathways technical guidance document. 

https://www.in.gov/idem/cleanups/files/remediation_tech_guidance_manmade_pathways.pdf
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Sampling Conduit Vapor: Frequency and Duration 

Temporal variability in vapor concentrations is relatively high (McHugh et al., 2007; Houlton et al., 2013; 

U.S. EPA, 2015c; McHugh and Beckley, 2018), and is much higher over a timescale of months compared 

to a timescale of days. McHugh and Beckley (2018) show that short-term time integrated samples (24-

hour evacuated canisters or 7-day passive samplers) provide little benefit compared to grab samples for 

estimation of long-term average vapor concentrations in a sewer. For this reason, perform quarterly 

sampling events or use longer term passive samplers. 

Sampling Conduit Vapor: Procedures 

The following is a brief outline of procedures for sampling conduit vapor using evacuated canisters. See 

IDEMôs Sewer Manhole Sampling Guidance (under development) for more detailed information. 

Procedures are similar for passive samplers, though obtaining accurate results using passive samplers 

requires selection of a proper sampler and sorbent combination to avoid starvation, poor retention, and 

poor recovery (U.S. EPA, 2014b; McHugh, et al., 2017). Passive sampler choice should consider uptake 

rates and moisture fluctuations within the conduit. 

¶ Approximately 48 hours prior to sampling, assess sewer access point types and accessibility, along 

with the approximate depth of the utility and depth of any liquid (if previously unknown). 

¶ Document appropriate sampling information. IDEMôs Sewer Manhole Sampling Guidance (under 

development) contains an example of an air sampling field data sheet suitable for this purpose. 

¶ When using evacuated canisters, perform a leak check on each canister and attach Teflon® tubing 

(potentially weighted) to the canisters. 

¶ Open sewer access points as little as possible to minimize ambient air influence. If possible, the 

sewer access point should be completely closed prior to and during sampling activities. 

¶ After opening sewer access points, use appropriate screening instruments to measure concentrations 

of volatile organic chemicals and oxygen. Check results against lower explosive limits. 

¶ Tubing attached to evacuated canisters should be lowered approximately two to three feet above the 

water within the sewer. If sampling time exceeds five minutes, suspend evacuated canisters below 

the access point. 

¶ Submit samples to the laboratory within holding times. 

Refer to IDEMôs Sewer Manhole Sampling Guidance document (under development) for more detailed 

information. 

2.2.6.5 Sampling Crawl Space Air (CSA) 

SGss samples are not an option in buildings constructed over a crawl space. Such buildings will require 

collection of SGe or CSA samples, preferably in conjunction with IA samples and/or SGss samples (if 

there is a partial basement or slab). However, CSA samples may suffice in certain situations as a stand-

alone method for investigating vapor intrusion. 

Sampling Crawl Space Air: Appropriate Conditions 

CSA samples should be collected during at least two different time periods to account for seasonal 

variability. Samples should be collected under the worst case conditions and time periods described in 

Section 2.2.6.3. Close crawl space vents during all sampling events. IDEM will consider alternative 

sampling schedules, especially where sampling needs are urgent, seasonal variation is insignificant, or 
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where building conditions, weather conditions, or other factors suggest that worst case conditions occur 

outside of the winter heating and dry summer seasons. 

Sampling Crawl Space Air: Number and Placement 

One centrally-located CSA sampling point is typically sufficient for most residential buildings. Crawl 

spaces are rare in commercial/industrial buildings. Such structures will require a project-specific sampling 

plan that includes enough samples to adequately characterize CSA concentrations. Placement of 

samples should take into consideration the location of the highest subsurface vapor concentrations. 

IDEM recommends collecting an AA sample in conjunction with CSA sampling to determine whether an 

AA source may be contributing to concentrations of release-related chemicals in the CSA. Measured AA 

concentrations should be used as a qualitative line of evidence, and not directly subtracted from the 

measured CSA concentrations. 

Sampling Crawl Space Air: Frequency and Duration 

Assessing the risk posed from the vapor intrusion pathway within a building over a crawl space requires 

collection of at least two sets of CSA samples, with the second set of samples collected from the same 

locations as the first. Additional sampling may be necessary if the results of the first two sampling events 

are contradictory or inconclusive. 

IDEM recommends collecting CSA samples over a 24-hour period in residential buildings and over an 

eight-hour period in commercial/industrial buildings. However, project objectives may dictate alternative 

canister fill rates. 

The sample duration for commercial/industrial decision units should capture normal working conditions. 

For example, if shifts are a twelve hour period, then the samples should be collected for a twelve hour 

period. Alternatively, if multiple shifts occur it may be necessary to collect one 24-hour sample or two 

eight-hour samples. 

To minimize the impact of indoor background sources on indoor air sampling, building occupants should 

suspend (where practical) activities such as smoking, dry cleaning, painting, mowing, pesticide 

application, and the use of sprays, cleaners, solvents, etc. prior to sampling. Document exceptions 

observed during sampling. IDEM has Vapor Intrusion Investigation Documentation guidance that may 

prove useful when looking for potential indoor background sources of release-related chemicals. 

Interviewing building occupants may reveal potential indoor background sources. If feasible, identify and 

remove potential background sources prior to sampling. U.S. EPA (2011c) and Commonwealth of 

Massachusetts (2002) contain discussions of background levels. 

2.2.6.6 Sampling Indoor Air (IA) 

It can be difficult to interpret indoor air sample results in the absence of vapor sample results from outside 

the structure. 

Sampling Indoor Air: Appropriate Conditions 

IDEM has determined that indoor air samples should be collected during at least two different seasons 

that provide the best opportunities to capture worst-case conditions. Historically, the winter heating and 

summer cooling seasons have been considered the worst-case sampling scenarios for vapor intrusion. 

This is because windows and doors are typically closed during the heating and cooling seasons, and 

HVAC systems can create a pressure differential that draws vapors up from the subsurface. In addition, 

falling water table conditions that commonly prevail in the summer can expose source material. 

https://www.in.gov/idem/cleanups/files/remediation_tech_guidance_vi_investigation.pdf
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Therefore, unless there is an immediate need to characterize indoor air and current human exposures, or 

evidence shows that seasonal variation in indoor air concentrations is not significant: 

¶ Collect one round of indoor air samples during the winter heating season when building windows and 

doors are closed and the building heating system is in operation (when the indoor air temperature is 

consistently at least ten degrees higher than the outdoor temperature), and 

¶ Collect one round of indoor air samples during the summer cooling season when building windows 

and doors are closed and the building cooling system is in operation. 

Differential pressure measurements are a valid line of evidence when evaluating vapor intrusion that is 

unrelated to sewer or other conduit transport. The difference in pressure between the IA and SGss 

provides a primary advective force for vapor intrusion. Vapor intrusion is likely when the pressure inside a 

building is lower than the pressure in soil gas below the building. If the pressure inside is positive 

compared to the subslab, there should be little or no vapor intrusion potential. Pressure differential 

measurements over hours, days, or weeks using small diameter subslab sampling ports or pressure taps 

can be used as a line of evidence to demonstrate whether conditions conducive to vapor intrusion exist 

during a sampling event. 

Sampling Indoor Air: Number and Placement 

For residential buildings, worst case IA samples are generally located in the basement or area where 

vapors first enter the building. Generally, IDEM recommends at least three 24-hour samples: one indoor 

air sample in the basement or assumed worst case location, one indoor air sample in the general living 

area, and one ambient air sample. If the building has multiple levels, IDEM recommends one indoor air 

sample from each floor. Place evacuated canisters within the breathing zone (three to five feet above the 

floor) and collect the ambient air sample upwind of the building. 

Project-specific vapor sampling plans should account for atypical situations, which include: (1) very large 

homes or buildings; (2) multi-use buildings, particularly ones with segmented areas that are occupied by 

different populations (e.g., day care within office) or have different occupancy patterns over time. 

Additional samples may also be warranted, depending on internal building partitions, HVAC layout, 

chemical distribution in the subsurface, and occurrence of observable locations of potential soil gas entry 

(e.g., basement sumps or drains, relatively large holes or spaces in the foundation floor, entry points for 

utilities). Closed rooms located below ground may have significantly higher concentrations originating 

from vapor intrusion. Closed rooms may warrant sampling to characterize reasonable maximum exposure 

levels, if occupied, or to diagnose vapor intrusion (e.g., see below), even if not occupied. 

When planning IA sample locations in commercial/industrial buildings, consider the following: 

¶ Individual offices within a building. 

¶ Individual retail spaces within a larger commercial/industrial complex. 

¶ Areas operating under separate HVAC systems. 

¶ Areas with higher exposure potential (where occupants spend most of their time). 

¶ Areas above the highest subsurface chemical concentrations. 

¶ Areas with utility inlets. 

Sampling Indoor Air: Frequency and Duration 

Assessing the risk posed from the vapor intrusion pathway requires the collection of at least two rounds of 

indoor air samples. To minimize the variability between indoor air samples collected over time, collect the 

second round of indoor air samples from the same locations as the first. Pairing indoor air samples with 
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subslab soil gas samples can help assess indoor air background issues. If the results of the first two 

sampling events are contradictory or inconclusive, IDEM may request additional sampling. 

IDEM recommends completing indoor air sample collection over a 24-hour period for current (or when 

evaluating future) residential use, and an 8-hour period for commercial/industrial use. Alternative canister 

fill rates are possible depending on project objectives. However, the fill rate must be established prior to 

obtaining canisters from the laboratory, since the pre-set flow regulators for the canisters are typically 

supplied by the laboratory. All else equal, a longer collection period for each individual sample would be 

expected to yield a more reliable basis for estimating long-term, time-averaged exposure than would a 

one-day sample collection period. 

2.2.6.7 Ambient Air Sampling 

If AA is a concern due to operations in the vicinity of the proposed sampling area(s), AA samples should 

be collected over the same time period as indoor air. U.S. EPA generally recommends beginning AA 

sampling at least one hour, but preferably two hours, before indoor air monitoring begins (U.S. EPA, 

2015). However, to reasonably account for air exchange rates in building(s), IDEM generally recommends 

setting up the AA canister(s) prior to placing the indoor air canisters. U.S. EPA recommends this practice 

because most residential buildings have an hourly air exchange rate in the range of 0.25 to 1.0, causing 

air that enters the building before indoor air sampling to remain in the building for a long time. The AA 

sample can serve as a reference for background conditions and allow comparison to IA results. Measured 

AA sample concentrations should be used as a qualitative line of evidence. AA sample concentrations 

should not be directly subtracted from the measured IA concentrations. 

2.2.6.8 Background (IAb) Sources 

Atmospheric and indoor chemical sources may complicate interpretation of indoor air (IA) sample results. 

Many VOCs common to environmental investigations are present in tobacco smoke, cleaning supplies, 

craft and hobby supplies, stored fuels, and other common household products, and may exceed chronic 

screening levels for chemicals such as benzene, carbon tetrachloride, chloroform, methylene chloride, 

trichloroethene, and tetrachloroethene. For this reason, it is important to assess IAb sources and 

concentrations at a decision unit when evaluating the vapor intrusion to IA pathway. For more information, 

see the U. S. Department of Health and Human Services Household Products Database.16 

Lines of evidence useful when determining whether IA chemicals are attributable to background sources 

or chemicals in the subsurface include: 

¶ Factors listed in IDEMôs Vapor Intrusion Investigation Document 

¶ AA sample results 

¶ Concentration gradients within a building 

¶ Atmospheric concentration gradients 

¶ Subslab soil gas (SGss) to IA concentration ratios 

¶ Individual chemical concentration ratios across media 

¶ Presence of indicator chemicals 

¶ Use of radon as a tracer gas to determine a structure-specific attenuation factor 

                                                      

16 http://householdproducts.nlm.nih.gov/ 

http://householdproducts.nlm.nih.gov/
http://www.in.gov/idem/cleanups/files/remediation_tech_guidance_vi_investigation.pdf
http://householdproducts.nlm.nih.gov/
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If an indoor source is suspected, conduct a detailed inspection of the buildingôs contents and survey 

occupant activities. Identify the presence of common household items (e.g., cleaning supplies, craft and 

hobby supplies, and fuels) that contain VOCs common to the release, as well as recent activities such as 

dry cleaning, or home improvements (e.g., painting or new carpet) that may contribute to exposures. See 

IDEMôs Indoor Air Building Survey Checklist (Appendix IV) or U.S. EPA (2002a) for examples of building 

surveys. 

Comparing the SGss, AA and IA results to each other may reveal the relative contribution of vapor 

intrusion and background sources to indoor air concentrations. In this case, time-integrated sampling 

methods are recommended for indoor air, because concentrations of vapor-forming chemicals can vary 

significantly over time. 

2.2.7 Sample Handling 

Some samples require physical and/or chemical preservation in order to maintain sample integrity from 

time of collection until delivery to the laboratory. Laboratories can provide information on appropriate 

sample preservation methods. Alternatively, U.S. EPA (2009d, Chapter 2) contains summary tables 

showing preservation methods and holding times for SW-846 analytical methods. It is important to deliver 

samples to the laboratory as soon as possible after collection or within a set time frame if the method 

requires it (U.S. EPA, 2009h). Samplers should maintain and document custody of the samples from 

collection until shipment or delivery to the laboratory. 

2.2.8 Sample Analysis 

It is important to choose analytical methods that can meet project DQOs. The QAPP, SAP, or other 

relevant project-specific sampling document should list sample analysis methods and any deviations from 

those methods. Reference to standard published methods is typically acceptable as long as the 

laboratory performs the analysis exactly as stated in the method. Sources for standard analytical methods 

include U.S. EPA (2019, 2019b, 2019c, 2019d). When analyzing solid samples (e.g., soils, sediments, 

and solid waste) for VOCs, IDEM recommends collecting and extracting them using U.S. EPA SW-846 

Method 5035A. IDEM (2016) contains additional guidance on this topic. 

Key considerations regarding sample analysis include: 

¶ Can the analytical methods deliver reporting limits at least as low as relevant remediation objectives? 

¶ Can the laboratory provide data that meet project DQOs?17 

2.2.9 Data Reporting 

Documentation needed to evaluate data will depend on the intended use(s) of the data. A quality 

assurance/quality control (QA/QC) program is the means of judging whether or not the data meet DQOs. 

QA/QC programs use information from sampling, laboratory operations, and method-specific procedures 

to make this decision. 

Table 2-C lists elements that IDEM has determined are essential to support two levels of QA/QC. For 

example, every element in Table 2-C is, where appropriate to the particular type(s) of analysis, necessary 

for data validation. A smaller set of elements that IDEM calls minimum data documentation 

recommendations (MDDRs) are appropriate to support investigations where data validation may not be 

                                                      

17 Note that Indiana does not currently certify laboratories for remediation work. 
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necessary. Analytical results submitted to OLQ shall meet the IDEM/OLQ Electronic Data File Submittal 

Guidelines for Monitoring and Sampling Data. 

Sampling documentation is an important component of demonstrating that sample results meet project 

DQOs. IDEMôs Office of Land Quality does not typically require specific field documentation forms. In 

addition to the elements in Table 2-C, the following sampling-related documentation should support every 

investigation: 

¶ Completed chain of custody with sample date, time, and identification 

¶ Map or diagram of sample locations 

¶ Sample field sheets that document sample identifiers, locations, date and time, sampling methods 

and equipment, samplers, calibration methods, and any notable observations (color, clarity, texture, 

reactions with preservatives, etc.) 

¶ Blanks ï trip, field, or equipment rinsate blanks, as appropriate 

¶ Identity of field duplicates ï typically at least one per twenty samples per matrix for each method. 

 

IDEM (2016) provides a template for recording information on various vapor intrusion investigations. 

Vapor investigation sampling documentation should include, where appropriate: 

¶ Certification of evacuated canister cleanliness (batch or individual) 

¶ Leak test procedures and results 

¶ Purge volume 

¶ Field records of the initial and final canister pressures, start and stop times for canister filling, and fill 

rate 

The following laboratory-related items should support every investigation: 

¶ Completed chain of custody with date and time of receipt 

¶ Condition of samples on receipt 

¶ Sample identification ï project identification and lab identification 

¶ Sample preparation logs with extraction, cleanup or digestion details 

¶ Certificates of analysis with method, analysis date, results and associated qualifiers, method 

detection limits, reporting limits, and any dilution factors 

¶ Case narrative detailing any deviations, problems, and corrective actions 

  

https://www.in.gov/idem/landquality/2369.htm
https://www.in.gov/idem/landquality/2369.htm
https://www.in.gov/idem/cleanups/files/remediation_tech_guidance_vi_investigation.pdf
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Table 2-C: Elements for MDDRs and Full QA/QC 

 

Element 

 

Method Type 

IDEM 

MDDRs 

Full 

QA/QC 

Case Narrative All P P 

Sample introduction method (e.g., 
direct injection, purge-and-trap) 

Specific gas chromatography (GC) detector 
method 

P P 

Tuning criteria and results Gas chromatography/mass spectroscopy 
(GC/MS) 

 P 

Initial calibration and verification All  P 

Continuing calibration(s) All  P 

Method Blank All P P 

Laboratory control sample All P P 

Internal standard summary GC/MS, GC  P 

Surrogate recoveries GC/MS, GC P P 

Matrix spike/matrix spike duplicate 
recoveries 

All (except TO-14A, TO-15, TO-15 SIM, and 
TO-17) 

P P 

Interference check sample Inductively coupled plasma methods  P 

Serial dilutions Inductively coupled plasma methods  P 

Method of standard additions (if 
applicable) 

Inductively coupled plasma methods  P 

Raw data (instrument printouts, 
chromatograms, and/or mass 
spectra as applicable) 

All  P 

Confirmation on second column 
(or GC/MS) 

Pesticides, polychlorinated biphenyls, 
benzene, toluene, ethylbenzene, and xylenes, 
and other volatile organic chemicals by GC 

 P 

2.2.10 Data Evaluation 

The data evaluation process assesses whether the sample results meet project objectives. The process 

has three major components: verification, validation, and comparison against user requirements. The 

process verifies that sample collection, documentation, and delivery occurred as planned. If necessary, 

the results are validated against predetermined quality criteria. Analytical results are then compared 

against user requirements. 
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The usability of any data set is based on assessing sampling and laboratory activities. This assessment is 

based on the evaluation of data quality indicators: precision, accuracy (as bias), representativeness, 

comparability, completeness, and sensitivity. 

2.2.11 How IDEM will Evaluate Nature Determinations 

IDEM evaluation of nature determinations will include consideration of the following: 

¶ Appropriate field screening methods used 

¶ Sampling procedures appropriate for the release-related chemicals and/or per SAP 

¶ Samples handled appropriately 

¶ Given release/facility history, appropriate release-related chemicals 

¶ Appropriate analytical methods used 

¶ Holding times met 

¶ Reporting/detection limits as low as relevant delineation or remediation objectives 

¶ Cooler temperatures acceptable on laboratory arrival 

¶ Laboratory sample condition noted on receipt form 

¶ Analytical data meets MDDRs (or larger element list if necessary) 

¶ Case narrative submitted 

¶ Surrogate recoveries within lab control limits 

¶ Method blank results submitted 

¶ Laboratory control sample results submitted 

¶ Matrix spike/matrix spike duplicate recoveries within acceptable ranges: 20% relative percent 

difference for aqueous media, 40% relative percent difference for soils 

¶ Field duplicates in agreement: 20% relative percent difference for aqueous media, 40% relative 

percent difference for soils 

¶ Summary tables correspond with certificates of analysis 

¶ Data on exhibits/figures correspond with certificates of analysis 

¶ Is data validation (submission of full QA/QC) needed 

  



 

 

43 

 

2.3 Task Three: Determine Extents of Release-related Chemicals 

Extent is the boundary of the volume of a medium containing one or more release-related chemicals that 

exceed unconditional remediation objectives18, and may therefore limit a propertyôs use. Extents are 

most often determined for chemicals in soil, groundwater, and vapor, but may be relevant for sediment, 

surface water, or other media. For releases that involve more than one chemical, the extents of individual 

chemicals are likely to differ from each other. In such cases, the extent in a particular medium is the union 

of all the individual extents in that medium. While IDEM recognizes that non-aqueous phase liquids 

(NAPL) may be a risk driver or subject to other regulations, for purposes of this document it is assumed 

that NAPL delineation will be bounded by delineation in other media. 

2.3.1 Basis for Requirement 

Indiana Code (IC) 13-12-3-2 and IC 13-25-5-8.5(c) require adequate characterization of the nature and 

extent of release-related chemicals. The present and likely future extents of release-related chemicals 

define the boundaries of the volumes of media where one or more remedy decisions are necessary under 

IC 13-25-5-8.5(c). Remedies may be necessary to control risks associated with soil direct contact, plumes 

of release-related chemicals in groundwater, leaching of release-related chemicals from soil to 

groundwater, or vapors arising from volatile release-related chemicals in soils, NAPL, or groundwater that 

enter or have the potential to enter occupied structures. For these reasons, an understanding of the 

present and likely future extents of release-related chemicals is necessary to protect human health and 

the environment. 

IDEM will not require a determination of likely future extents under every conceivable circumstance. 

Determinations should focus on scenarios that are reasonably likely to occur. Where there is 

disagreement about what is reasonable, responsible parties must submit lines of evidence in support of 

their position. IDEM will consider those lines of evidence on their merits, using professional judgment and 

knowledge of the circumstances specific to the release. 

Sometimes determining extents is impractical or unnecessary. Proposals to forego or limit extents 

determinations must be supported by lines of evidence provided by the responsible party. IDEM will not 

provide them. Applicable lines of evidence are necessarily project-specific but may include: 

¶ Distance and/or time of travel from known extents to existing or potential receptors including, where 
applicable, sensitive receptors (e.g., schools, daycare facilities, wellhead protection areas, 
ecologically important habitats, etc.) 

¶ Characteristics of release-related chemicals (e.g., mobility, toxicity, volatility, persistence) 

¶ Current and likely future use of the property, including groundwater use and the presence of 
structures susceptible to vapor intrusion 

¶ Magnitude of release-related chemical concentrations relative to unconditional remediation objectives 

¶ Extent of the area in which the release(s) occurred 

¶ Underground utilities or other preferential pathways that may affect chemical migration 

¶ Possible aquitard influences 

¶ Potential for changes in groundwater or vapor flow direction and pressure gradient (e.g., start up or 
shut down of existing or planned production wells; construction of utility corridors, basements, fill 
areas, etc.) 

                                                      

18 Defined in Section 3.3 
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IDEM will evaluate proposals to forego or limit extents determinations on their merits. 

2.3.2 Present Extents: Soil 

Soil is the unconsolidated mineral or organic material lying between the ground surface and unaltered 

parent material below. This guidance does not define specific depth intervals as comprising either surface 

soils or subsurface soils. However, consistent with U.S. EPA (2002d, page 2-7), IDEMôs soil direct contact 

published levels are applicable to soils where current or future direct contact with the soil is likely. Depths 

are typically shallow but also consider soils that may be brought to the surface in the future. 

2.3.2.1 When is a Present Extents Determination Necessary in Soil? 

A present extents determination for release-related chemicals in soil is necessary for most of the chemical 

releases addressed by IDEMôs Office of Land Quality. The principal exceptions are releases to surface 

water addressed by OLQôs Emergency Response Section under the Spill Rule19 and instances in which 

adequate initial soil sampling does not reveal concentrations of release-related chemicals exceeding 

unconditional remediation objectives. 

2.3.2.2 How to Determine Present Extents in Soils 

This subsection describes acceptable procedures for determining present extents of release-related 

chemicals in soils. IDEM will evaluate other approaches on their merits. Unless compelling lines of 

evidence show otherwise, present extents determinations are required in both the horizontal and vertical 

dimensions. For guidance on sampling design, see Section 2.2.2. If a remedy has already reduced 

concentrations of release-related chemicals and it is necessary to determine whether additional remedies 

are required, see Section 3. 

Horizontal Extent Determination Beginning at or Near a Source Point 

Horizontal extent determinations that begin at or near a source point are sometimes referred to as step 

out procedures. When selecting sample points for the step-out procedure, start at locations where 

release-related chemical concentrations are likely to be highest. Factors to consider when selecting 

sample locations include: 

¶ Known release points (Section 2.1) 

¶ Vertical location of highest concentrations (surficial, buried, under a barrier) 

¶ Phase (soil, NAPL, mixture) 

¶ Release-related chemical solubility and volatility 

If soil samples collected in locations most likely to have the highest concentrations are below 

unconditional remediation objectives, determination of extents in soil is not necessary. Conversely, if soil 

concentrations of release-related chemicals exceed unconditional remediation objectives, step out until 

present extents are determined. 

Horizontal Extent Determination Beginning at or Near a Potential Receptor 

Horizontal extent determinations that begin at or near a receptor and proceed toward a source point are 

sometimes referred to as the step-in approach. The step-in approach may be preferable when there is 

                                                      

19 327 IAC 2-6.1 
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concern that unacceptable exposures are already occurring. If unacceptable exposures are occurring, the 

step-in approach may allow those exposures to be identified and controlled earlier. 

The step-in approach should not stop once soil extents based on unconditional remediation objectives are 

determined. It will be necessary to continue at least until excavation worker levels are delineated. In some 

cases, continuing until the source point is reached may be necessary for evaluation of leaching potential 

and/or active remedy design. For volatile release-related chemicals, continuing the step-in process until 

the source point is reached allows focus of soil gas screening efforts. 

Vertical Extent Determination 

Vertical extent determinations for surficial releases to soil typically begin with soil sampling at the ground 

surface and proceed downward until the potential for soil direct contact exposure is adequately 

understood. This may involve collecting more than one surface or near surface sample. If chemicals were 

released directly into the subsurface or have leached or otherwise moved into the subsurface over time, 

subsurface samples will usually be necessary to understand the potential for soil direct contact exposure. 

However, sampling below 15 feet to evaluate direct contact isnôt generally necessary unless exposure to 

soil below that depth is likely to occur (e.g., as the result of excavation or movement of soil). Soils with the 

potential for soil direct contact exposure should be sampled regardless of their moisture content. Even 

saturated soils can contribute to soil direct contact exposure, particularly if they are brought to the surface 

and left there. 

Interpolation and Extrapolation 

IDEM has determined that approximate extents determinations are usually acceptable. Soil sample 

results that fall within a range reasonably close to unconditional remediation objectives will suffice. If soil 

concentration data display a discernable trend, it is often appropriate to extrapolate or interpolate soil 

sample results when drawing unconditional remediation objective isoconcentration lines, or 

isoconcentration lines for other relevant remediation objectives. Specify methods used and any identified 

error estimates. 

2.3.3 Likely Future Extents: Soil 

Although significant increases in the extents of release-related chemicals in soil are relatively unusual, 

responsible parties must consider the possibility that this can occur. Where an increase in soil extents is 

reasonably likely, responsible parties must provide an estimate of the likely future extents of release-

related chemicals in soil.  

2.3.3.1 When is a Likely Future Extents Determination Necessary in Soils? 

IDEM has identified several scenarios that require consideration of the possibility that the extents of 

release-related chemicals in soil will increase: 

¶ When soil containing release-related chemicals is exposed to the action of wind or surface water 

¶ When mobile NAPL is present 

¶ When release-related chemicals in soil migrate downward or horizontally 

¶ When soil containing release-related chemicals is subject to movement via excavation or similar 

activities 

Further discussion of each of these scenarios follows. 
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2.3.3.2 How to Determine Future Extents in Soils 

Soils Exposed to the Action of Wind or Surface Water 

Release-related chemicals bound to soil particles may move under the influence of wind or surface water. 

Movement under the influence of wind is most likely with exposed, dry, fine soil particles. Vehicular traffic, 

areas where vegetation is sparse due to the effects of release-related chemicals or other factors, and 

even pedestrians creating bare soil paths may expose soils and promote wind borne transport. Signs that 

this is occurring include visible dust, depositional areas, or dust complaints. Predicting future extents is 

difficult as wind direction and speed vary considerably in most places. An interim remedy may be 

necessary prior to full characterization and risk assessment. 

Movement under the influence of surface water is most likely with exposed, sloping soils. It may also 

occur on steeply sloping soils, even when those soils are mostly vegetated. Surface water and erosion 

can transport release-related chemicals as sediments. Signs that this is occurring might include rills, 

gullies, sediment deposits, or cloudy surface water bodies during and after precipitation. 

Likely future extents under the influence of surface water may be more predictable than with wind 

erosion, as surface water flows downhill and often follows a discernable path, either until it is absorbed 

into the soil column or discharges into a surface water body. As with wind erosion, interim remedies may 

be advisable prior to full characterization and risk assessment. 

When Mobile NAPL is Present 

When present as a sufficient mass of NAPL, release-related chemicals will move down through the soil 

column and, depending on geology and preferential pathways, may also move horizontally. Soil moisture 

may impede flow rates, while increased soil porosity may facilitate flow. IDEM has most often 

encountered horizontal movement at manufactured gas plants and facilities where NAPL under building 

footprints intercepts drains or other preferential pathways. 

Downward Vertical Migration (Leaching) in the Soil Column 

Release-related chemicals sorbed to vadose zone soils may dissolve into infiltrating precipitation and 

travel downward, either resorbing to deeper soil particles or reaching the groundwater table. Horizontal 

movement, typically via diffusion, may also occur, though significant horizontal movement via diffusion is 

unusual, except at very recent or large releases. An increase in the vertical interval that exceeds relevant 

remediation objectives will increase the volume of soil that requires a remedy. From a risk perspective, 

the more important phenomenon is usually leaching to groundwater, discussed in Section 3.4.5. 

Soil Subject to Movement by Excavation or Similar Activities 

Excavation and similar activities move and expose soil, and with it any chemicals in that soil. It is rarely 

possible to determine in advance when, whether, where, and to what depth soil excavation may occur. 

However, IDEM publishes soil direct contact levels for excavation worker and five other soil direct contact 

exposure scenarios, and those levels combined with adequate characterization of soils affected by a 

release may be useful when evaluating the potential need for a soil direct contact remedy. 

2.3.4 Present Extents: Groundwater 

Groundwater is water beneath the ground surface. The present extent of release-related chemicals in 

groundwater is the boundary of the volume of groundwater in which concentrations of, or risks associated 

with, one or more release-related chemicals exceed their unconditional remediation objectives. 
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2.3.4.1 When is Present Extents Delineation Necessary in Groundwater? 

IDEM will typically require groundwater sampling whenever a release is known or suspected. Possible 

exceptions include surficial releases of insoluble chemicals, or releases known to be restricted to vadose 

zone soils in conjunction with leaching test results that show leaching of release-related chemicals to 

groundwater is unlikely. 

When a Rule20 applies to investigation of a release to groundwater, the Rule takes precedence over this 

guidance document. Otherwise, collect at least three groundwater grab samples from depths appropriate 

for the release. The initial groundwater grab samples must be collected at or near the suspected source 

point, if known. If the source point is not known, then adequate coverage of the area under investigation 

is required. Three groundwater grab samples usually suffice for an area like a typical city lot (50 feet by 

150 feet). Larger areas, or areas with heterogeneous subsurface geology, may require more than three 

initial groundwater grab samples. 

If any groundwater grab results exceed one or more unconditional remediation objectives, extents 

delineation is required for the chemicals with exceedances. Otherwise, and assuming the sample 

locations adequately cover the area under investigation, extents delineation is not required in 

groundwater. 

2.3.4.2 How to Delineate Present Extents in Groundwater 

This subsection describes some acceptable procedures for delineating present extents of release-related 

chemicals in groundwater. IDEM will evaluate other procedures on their merits. When present extents 

delineations are required in groundwater, horizontal extent delineation is always required. Vertical extent 

delineation may or may not be required depending on the chemicals and geological characteristics in the 

area under investigation. For example, chemicals that are less dense than water may extend only a few 

feet into the water-bearing zone and can often be vertically delineated within the length of a standard well 

screen interval. 

Sampling Technology 

Grab groundwater samples collected using push probe technology are usually sufficient for extents 

delineation. Monitoring wells may be necessary in areas with heaving soils, deep groundwater, where 

turbidity issues cannot be overcome by other means, or in some cases for delineation of plumes that 

extend into more than one water-bearing unit. Monitoring wells are required for any purpose that requires 

long-term monitoring of release-related chemicals in groundwater. 

Horizontal Extents Delineation 

Horizontal extents delineation of release-related chemicals in groundwater requires determining the area 

underlain by groundwater that exceeds one or more unconditional remediation objectives. Unconditional 

groundwater remediation objectives for groundwater are most often IDEMôs published groundwater direct 

contact levels. However, they can also be site-specific residential remediation objectives or 

concentrations corresponding to naturally occurring concentrations of release-related chemicals in 

groundwater (the latter usually for one or more of a small subset of metals). 

Extents delineation need not be ñexactò. In other words, it is not necessary to continue advancing borings 

and collecting groundwater samples until observed concentrations in those samples exactly match 

                                                      

20 For example, 329 IAC 9-5-6(b) requires installation of a minimum of three groundwater monitoring wells and collection of samples 
from each, if at least three wells were not installed during the initial site investigation. Other Rules may have other requirements. 
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unconditional remediation objectives. The effort need only be sufficient to allow a reasonable estimate of 

the extent. Interpolation, extrapolation, knowledge of concentration gradients, groundwater flow direction, 

distance to receptors, and distance to property boundaries may all be reasonable lines of evidence to 

consider when deciding whether a delineation effort is sufficient. 

Vertical Extents Delineation 

In general, vertical delineation of release-related chemicals in groundwater begins at the water table and 

extends downward until samples show release-related chemicals below unconditional remediation 

objectives. However, in some cases the base of the water-bearing unit still contains concentrations of 

release-related chemicals that exceed unconditional remediation objectives, and there is low permeability 

material below. The sole presence of low permeability units is insufficient evidence to demonstrate 

vertical delineation without further investigation. See IDEM (2019) for information about low permeability 

units relevant to delineation and eventual CSM development. 

Delineation Reporting 

IDEM has determined that agency review of extent delineations requires that delineations be depicted as 

lines drawn on maps, and that any software used to generate those lines be specified. U.S. EPA (2000) 

provides guidance on delineation reporting, and ITRC (2016) describes software options applicable to 

transforming observed data into delineation maps. Isoconcentration lines may be useful for chlorinated 

chemicals. An overall extents depiction that combines or shows the union of the extents of individual 

chemicals will often suffice for petroleum chemicals. 

2.3.5 Likely Future Extents: Groundwater 

As dissolved chemicals travel within groundwater via advection21, the extents of release-related chemical 

plumes (plume extents) change, and may reach previously unaffected receptors. Therefore, an adequate 

evaluation of release-related risk requires an understanding of likely future plume extents. This 

subsection describes when it is necessary to estimate likely future plume extents. Appendix C provides 

detailed guidance on the application of a specific statistical test to determine whether plumes are 

expanding or contracting. 

2.3.5.1 When is a Likely Future Extents Delineation Necessary in Groundwater? 

Likely future extents delineation is generally necessary in groundwater unless: 

¶ There is no plume and a future plume is unlikely 

This may be true for insoluble chemicals, or for chemicals that leaching tests have shown to be tightly 

bound to soil. 

¶ The plume has already reached a terminal receptor 

When data show that the plume has already reached a stream, pond, high capacity well, or other 

destination that is a terminal receptor, IDEM may agree that the extents of the plume are unlikely to 

expand significantly over time. 

¶ The plume consists entirely of petroleum constituents and is of a certain age 

                                                      

21 Diffusion and dispersion may also contribute to movement of chemicals in groundwater, though typically to a lesser extent than 
advection. 
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IDEM recognizes that petroleum plumes rarely extend more than 750 feet (Mace et al., 1997; Newell 

et al., 1998; Rice et al., 1995; Wiedemeier et al., 1999), are often much smaller, and usually stabilize 

within five years of the initial release (Rice et. al., 1995). 

¶ Other lines of evidence show that likely future plume extents delineation is not necessary. Common 

lines of evidence that may be relevant for this purpose include:  

o Plumes shown to be shrinking, usually via statistical tests, modelling, the presence of non-

regulated degradation products, or other means;  

o Plumes with low leading edge concentrations relative to unconditional remediation objectives;  

o Plumes with concentration gradients that decline rapidly with distance, coupled with sufficient 

distance to the source facility boundary or boundary of an area subject to exposure controls; or  

o Plumes with low release-related chemical flux.  

See Section 2.3.5.3 for additional discussion of lines of evidence relevant to likely future extent. 

A likely future extents delineation is usually not appropriate when: 

¶ The nature and present extents of release-related chemicals is still under investigation. 

¶ Active remediation is occurring, as active remediation alters plume dynamics. A project-specific  

equilibration period should separate active remediation from plume behavior evaluation. 

¶ The groundwater remediation objective is an unconditional closure. 

¶ The groundwater remediation objective is closure via a background or an unrelated source 

demonstration. 

¶ A preferential pathway22 controls groundwater flow within the affected area. 

¶ Other lines of evidence demonstrate that the evaluation is unnecessary. 

2.3.5.2 Monitoring Well Locations for Likely Future Extents 

Well locations are important when characterizing likely future extents and how the monitoring wells relate 

to one another enables evaluation of the spatial component of the plume. If all the monitoring wells within 

the plume exhibit approximate trends in the same direction with comparable slopes, then a single 

summary statement across the well network is valid (EPA 2006b). If the time-trends do not show a 

consistent pattern, it is likely that one or more wells are not screened in the same flow zone, or a 

previously unknown source may be affecting the observed concentrations. New wells may be necessary 

for the first scenario. For the second, additional wells will be necessary to understand the contribution of 

the previously unknown source. 

Data on chemical concentrations levels and aquifer characteristics should come from wells and boreholes 

capable of providing a clear three-dimensional picture of the hydrogeologic and geochemical 

characteristics of the location. If the wells do not meet appropriate criteria, or if conditions change, 

previously installed wells may no longer produce samples that adequately represent the plume. In such 

cases, new wells may be necessary. 

All long-term groundwater monitoring requires properly designed, located, and installed groundwater 

monitoring wells. Figure 2-A depicts a typical likely future extents demonstration well network. 

Figure 2-A: Plume Monitoring Network 

                                                      

22 See Investigation of Manmade Preferential Pathways for more on this topic. 

https://www.in.gov/idem/cleanups/files/remediation_tech_guidance_manmade_pathways.pdf
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Messenger Wells are in the internal area of the plume, downgradient from the source, and within the 

two-year groundwater time-of-travel distance from the source. At least one messenger well must be 

adjacent to the source, and a second messenger well must be between the first messenger well and the 

two-year groundwater time-of-travel distance of the plume. Most groundwater closure demonstrations use 

two to four messenger wells. Some large or multi-lobed plumes may require more messenger wells. 

Messenger wells should be (1) as near to the center flow line or flow path as possible and (2) in an area 

where release-related chemical are likely to be highest and significantly exceed remediation objectives. 

Perimeter of Compliance (POC) wells (at least three) are part of the network, located hydraulically 

downgradient and/or side-gradient from the messenger wells, where: 

¶ Dissolved concentrations of release-related chemicals will likely exceed reporting limits for at least 75 

percent of the monitoring events. 

¶ Concentrations of release-related chemicals approximate unconditional remediation objectives. 

¶ It is possible to monitor the plume after it has passed through the source and messenger well areas. 

Install sentinel wells to define the extents of the plume and to evaluate the potential risk to downgradient 

receptors. Locate sentinel wells hydraulically downgradient from POC wells and along a line between the 

source and any potential receptors. Though sentinel wells are highly useful for signaling an expanding 

plume, they may be unnecessary if there are substantial lines of evidence to demonstrate that there is no 

unacceptable risk to a downgradient receptor. 

Place background wells upgradient of the area of concern and out of the zone of influence of the 

source. Background wells are essential to understanding upgradient groundwater conditions. If both 

upgradient and downgradient concerns exist at a decision unit, at least one background well is necessary. 

However, additional background wells may be necessary, depending on conditions discussed below. 
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CSM development may require further characterization of plumes through additional groundwater 

monitoring and assessment of spatial and temporal data trends (e.g., plume area, chemical 

concentrations, chemical mass, and the center of mass over time). Evaluating the time trend of the wells 

individually may not provide sufficient information to adequately characterize likely future extents. 

Assessment of how the trends relate to each other helps understand plume behavior, and the potential for 

chemicals to migrate beyond the exposure control area (Appendix C). 

If hydraulic conductivity, saturated thickness, flow gradients, or other important characteristics vary 

significantly over the evaluation area, it may prove difficult or impossible to confidently predict plume 

behavior. Similarly, preferential pathways (e.g., karst conditions, fracture flow, utility backfill, etc.) that 

control groundwater flow and chemical migration complicate assessment of likely future extents. Where 

this is the case, understanding plume behavior may require assessment of lines of evidence that do not 

appear in this document. 

2.3.5.3 Qualitative Lines of Evidence Potentially Relevant to Likely Future Extents 

Plume behavior is how release-related chemical concentrations change spatially and over time, and 

interact with potential receptors. Plume behavior evaluation is the use of applicable qualitative and 

quantitative lines of evidence to understand the likely future extent of release-related chemicals in 

groundwater and potential exposure scenarios. Plume behavior evaluation uses lines of evidence to 

determine whether release-related chemicals behave (and can be expected to behave in the future) with 

sufficient predictability. 

Qualitative analysis of plume behavior relies on specific knowledge of local conditions rather than 

mathematical analysis. While quantitative examinations of concentration trends are powerful tools for 

evaluating the behavior of a plume, meaningful statistical tests require substantial monitoring timeframes 

and consistent monitoring periods to acquire sufficient data. In some situations, concentration trends are 

qualitatively discernible in shorter timeframes and/or with irregular time series data. Additionally, data may 

show chemical concentrations in individual wells fluctuate unpredictably, but the overall plume footprint 

remains unchanged over time. IDEM will evaluate such interpretations on their merits. 

In the context of this section, qualitative lines of evidence are non-mathematical facts that are relevant to 

an evaluation of plume behavior. Qualitative lines of evidence are available or readily obtainable for 

nearly all projects with release-related chemicals in groundwater. Every likely future extent evaluation 

should begin with qualitative review of geologic, hydrologic, and release-related chemical characteristics. 

If qualitative analysis does not provide sufficient confidence in plume behavior, quantitative methods can 

be considered (see Appendix C). 

This section describes several qualitative lines of evidence useful in understanding plume behavior. Each 

characteristic offers insight into the behavior of the plume, though some are more compelling than others. 

While no single characteristic is enough to understand the overall behavior of a plume, agreement among 

multiple lines of evidence provides greater confidence when assessing plume behavior. It is not 

necessary to develop any particular line of evidence discussed in this section ï only those needed to 

provide adequate confidence in the understanding of plume behavior. Other lines of evidence may be 

submitted, and IDEM will evaluate them on a project-specific basis. 

Age of the Release. This line of evidence applies only to petroleum chemicals. Given the well 

documented behavior of petroleum releases, the age of the release is an appropriate indicator of the 

plume lifecycle. Regardless of the size of the release or subsurface conditions, the extent of most 

petroleum related releases will stabilize within approximately five years (Rice et al., 1995). Given this 

relationship, IDEM will have greater confidence in the behavior of petroleum plumes that have 
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documented historic release dates. Conversely, the behavior of recent petroleum releases merits less 

confidence. 

Commingled Plumes. Plumes sometimes commingle with other plumes originating from the same or 

adjacent facilities. In these instances, it can be difficult to differentiate the behavior of one plume from the 

other. Thus, commingling of plumes reduces confidence in plume behavior. While the presence of 

commingled plumes does not preclude a thorough understanding of plume behavior, it does require 

additional information to obtain a greater degree of confidence in the plume behavior. 

Groundwater Time of Travel (Exposure Control Area). This line of evidence estimates the time it will 

take for groundwater to travel from the furthest extent of concentrations exceeding unconditional 

remediation objectives to the edge of an exposure control area. This line of evidence provides 

perspective on the size of the plume relative to the exposure control area. Sometimes, the exposure 

control area will coincide with the property boundary. In other cases, environmental restrictive covenants 

or environmental restrictive ordinances may extend the exposure control area beyond the property 

boundary. Groundwater chemistry and chemical interactions with matrix materials complicate estimation 

of migration rates and may require location-specific data. IDEM will not consider time of travel estimates 

as representative if they are contradicted by the known plume extent. 

Groundwater Time of Travel (Nearest Receptor). This line of evidence estimates the time it will take for 

groundwater to travel from the furthest extent of concentrations exceeding unconditional remediation 

objectives to the nearest receptor. This line of evidence provides perspective on the size of the plume 

relative to the location of receptors. IDEM will not consider time of travel estimates as representative if 

they are contradicted by the known plume extent. Exercise due diligence in identifying any receptors with 

a high probability of human exposure. Give special consideration to municipal well fields, wellhead 

protection areas, public reservoirs, rivers, or other potential receptors near plumes. IDEM recommends 

contacting public water utilities or other significant local water users to determine if there are any planned 

changes in well locations, pumping rates, or other activities that could influence groundwater elevation or 

flow direction. 

Hydraulic Conductivity. Hydraulic conductivity affects the ability of chemicals to migrate within the 

subsurface. Hydraulic conductivity estimates must be location-specific, documented, reproducible, and 

representative of conditions at a scale relevant to chemical transport. Given the potential for greater 

mobility, high hydraulic conductivities require more robust demonstrations of plume behavior. 

Maximum Concentration. The maximum groundwater chemical concentration is an appropriate measure 

of the relative magnitude of the problem and the confidence level needed to assess plume behavior. 

Groundwater plumes with maximum concentrations at or near unconditional remediation objectives 

require less confidence in plume behavior, while higher concentrations require more confidence. 

Persistence. Chemical persistence determines the relative timeframe over which confidence in the plume 

behavior is needed. Highly persistent chemicals require a greater degree of confidence in plume 

behavior, while short-lived chemicals require less. Groundwater plumes resulting from petroleum-related 

releases have been extensively documented and shown to generally migrate and degrade within 

reasonably predictable parameters. For instance, data indicate that 95% of benzene, toluene, 

ethylbenzene, and xylene (BTEX) groundwater plumes will terminate within 750 feet of their origin, 

regardless of the physical properties of the subsurface or the nature of the release (Mace et al., 1997; 

Newell et al., 1990; Rice et al., 1995; Wiedemeier et al., 1999). Conversely, groundwater plumes of 

chlorinated solvents and other persistent chemicals can extend for long distances ï sometimes more than 

a mile. 
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Plume Length. A significant body of research shows that regardless of the size of a petroleum release or 

hydrogeological conditions, benzene will stabilize to 10 parts per billion (ppb) within 750 feet of the 

release point (Newell and Connor, 1998). Evaluating the length of a plume of benzene against the 

statistical distribution of benzene plume lengths provides a reasonable indication of the plumeôs behavior. 

Longer plume lengths provide greater confidence that the petroleum related plume is nearing its 

maximum extent, while short plume lengths warrant additional information on the plume behavior. This 

line of evidence applies only to petroleum chemicals; it does not apply to petroleum additives or special 

blends (e.g., E85 or methyl tert-butyl ether). 

Presence of Non-Aqueous Phase Liquid (NAPL). NAPL may be an ongoing source for dissolved 

plumes and create new source areas. While the presence of NAPL does not preclude understanding the 

behavior of a plume, it does complicate that understanding. In such cases, additional lines of evidence 

may bolster IDEMôs confidence in the understanding of plume behavior. IDEM will consider NAPL a 

potential concern if measurable light NAPL (LNAPL) thickness lies between 0.01 and 0.1 foot, or if one or 

more dense NAPL (DNAPL)-forming chemicals are present at concentrations approximating one percent 

of their solubility. IDEM will consider NAPL to be a concern if measurable LNAPL thickness exceeds 0.1 

feet, or if one or more DNAPL-forming chemicals are present at concentrations between one and ten 

percent of their solubility (Kueper and Davies, 2009). 

Presence of an Ongoing Source. An ongoing source can prolong the monitoring duration necessary to 

evaluate plume behavior. 

Solubility. Chemical solubility directly relates to mobility, which affects the level of confidence needed in 

plume behavior. Greater solubility implies a greater need for confidence in plume behavior. IDEM may 

also consider effective solubilities. See Wiedemeier et al. (1999) and U.S. EPAôs Effective Solubility 

Calculator for more information on evaluating effective solubilities. 

Toxicity. Toxicity is important when evaluating the threat that release-related chemicals pose to a 

receptor. Highly toxic chemicals require more confidence in plume behavior than do less toxic chemicals. 

For plume evaluation purposes, IDEM usually gives primary importance to human health effects when 

considering toxicity. 

Variation in Groundwater Elevation. High variability in depth to groundwater reduces confidence in 

understanding plume behavior. Significant chemical mass can often remobilize when groundwater 

elevations undergo large fluctuations, which introduces uncertainty in understanding plume behavior. This 

line of evidence applies only to unconfined aquifers, and should be evaluated in the area of the highest 

dissolved chemical concentrations. 

Variation in Groundwater Flow Direction. Groundwater flow is usually the primary driver of plume 

migration, so understanding groundwater flow direction is fundamental to evaluating plume behavior. A 

consistent groundwater flow direction lends confidence to the understanding of plume behavior, while 

highly variable or erratic groundwater flow direction yields less confidence. Highly variable groundwater 

flow also makes it difficult to determine proper locations for monitoring wells that consistently represent 

plume conditions. Evaluate this line of evidence based on changes in the calculated groundwater flow 

direction measured using a minimum of three representative monitoring wells determined to be 

appropriate by the facility representative and IDEM. While this approach cannot capture all the 

complexities of groundwater flow, it does provide a consistent measurement. 

2.3.6 Present Extents: Vapor 
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In the context of this guidance, vapor may refer to either soil gas (i.e., gaseous-phase release-related 

chemicals occurring in the soil matrix), indoor air (i.e., gaseous-phase release-related chemicals in the 

breathing space of a building), or gaseous-phase release-related chemicals in underground conduits like 

sewers. Vapor intrusion occurs when volatile23 chemicals move through the subsurface and enter the 

breathing space of buildings. Vapors may move through permeable soils, fractures in bedrock or clay tills, 

anthropogenic subsurface structures such as utility lines, sumps, foundations cracks, volatilize directly 

from groundwater in contact with structures, or any combination of these pathways, often in unexpected 

directions. 

2.3.6.1 When is a Present Extents Determination Necessary in Vapor? 

The vast majority of release-related vapor intrusion exposures arise from two classes of volatile chemicals 

ï certain chlorinated solvents and their breakdown products and, to a lesser extent, petroleum-related 

chemicals. Because the characteristics of chemicals in these classes differ somewhat from each other, 

criteria that trigger a vapor intrusion evaluation differ between them. IDEM may require investigation of 

vapor intrusion potential arising from chemicals in other classes where lines of evidence suggest the need 

to do so. Vapor investigations should evaluate the vapor pathway for the potential use of a property. This 

includes both undeveloped properties and properties subject to potential redevelopment. 

Chlorinated Volatile Chemicals 

Unless compelling lines of evidence show that it is not necessary to do so, IDEM will require limited 

sampling of subsurface vapor at all facilities that currently or historically used, stored, dispensed, or 

disposed of chlorinated volatile chemicals. The limited sampling should include: 

¶ A minimum of three soil gas grab samples collected from locations most likely to have exceedances. 

A limited list of such areas includes: known or suspected release points, the vadose zone above the 

highest groundwater concentrations, along significant preferential pathways that are not connected to 

sanitary sewer lines, etc. Where no information is available for suspected release points, soil gas 

grab samples should be placed in locations that adequately represent the area being evaluated. Soil 

gas samples should be taken as close as possible to area(s) most likely to have exceedances, at an 

appropriate depth to evaluate the source, and if the suspected source appears to be near/under a 

current structure, preferably from directly beneath the structure. It is likely that large facilities or 

facilities with more than one potential source area will require more than three soil gas grab samples. 

This should be evaluated by examining both the distance between the areas of interest and 

subsurface lithology/hydrology. 

¶ One vapor sample collected within a drain, sewer, or open conduit closest to every suspected release 

point. Preference should be given to any drains, sewers, or other open conduits where chemicals 

may have been dumped or disposed of. There is a higher potential to form vapor within preferential 

pathways where impacted groundwater is being released into the sewer or the sewer line intersects 

NAPL or a vadose zone source (McHugh and Beckley, 2018). These higher risk scenarios should be 

considered when collecting conduit vapor samples. Large facilities, or facilities with complex 

sewer/drainage systems or multiple potential release points may require more than one such vapor 

sample, collected at different times (see Section 2.2.6.4). 

                                                      

23 For purposes of this guidance, IDEM defines volatiles as those chemicals having a vapor pressure of one millimeter of mercury or 
greater at standard conditions. 
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Unless compelling lines of evidence show otherwise, a vapor extents determination should follow any 

exceedance of a soil gas or conduit vapor screening level. Conduit vapor screening levels currently apply 

an attenuation factor to the respective indoor air screening level for a particular chemical. Current conduit 

vapor screening levels are reflected in IDEMôs published level table. Attenuation factors may change 

pending new developments in vapor intrusion research. 

Petroleum-related Chemicals 

Vapor intrusion by benzene and other petroleum-related chemicals occurs most often when release-

related chemicals in groundwater are inside a building or in contact with a building foundation, or NAPL is 

located near a building foundation. Benzene, the petroleum-related chemical that most often drives risk 

resulting from petroleum vapor intrusion, readily degrades in unsaturated, oxygenated soils (U.S. EPA, 

2012). Soils in Indiana are generally sufficiently aerated if they are unsaturated. 

Evaluation of vapor intrusion may be appropriate at structures on properties near operating gasoline 

stations, or at structures on former gasoline station properties. For such facilities, IDEM will require, 

unless compelling lines of evidence show that it is not necessary to do so, limited sampling of subsurface 

vapor at or near facilities that currently or historically used, stored, dispensed, or disposed of petroleum 

products if: 

Table 2-D: Petroleum Vapor Investigation Recommendation Matrix 

Indicator Vapor Investigation Recommended if: 

NAPL Building has less than 15 feet of vertical or horizontal separation from NAPL 

Groundwater (below 
foundation) 

Building has less than five feet of vertical separation from groundwater with 
benzene that exceeds 1,000 ug/L 

Groundwater 
(contacts foundation) 

Groundwater containing volatile organic chemicals is in contact with a building 
that has cracks in its foundation or basement, or has drains or a sump pump 

Soil Building has less than five feet of vertical or horizontal separation from soil 
containing volatile petroleum chemicals 

Preferential pathway Utilities transect a petroleum source area with vapor concentrations greater 
than conduit screening levels 

Odors Building occupants near the petroleum source area complain of chemical 
odors 

 

Because of high benzene concentrations in ambient air at operating gasoline stations and an 

Occupational Safety and Health Administration (OSHA) exemption for benzene exposure at most 

operating gasoline stations, IDEM will not typically request vapor intrusion evaluations of structures at 

such facilities. 

2.3.6.2 How to Determine Present Extents of Soil Gas 

Soil gas (including vapors in conduits and other preferential pathways) delineation need only occur in the 

vadose zone. Otherwise, the same general principles that apply to delineation of present extents in 

groundwater are mostly applicable to soil gas delineation. Delineation activities typically being at or near 
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the release source and proceed laterally until soil gas concentrations no longer exceed levels that would 

prompt either a vapor remedy or an investigation of vapor intrusion potential in nearby structures, or 

future evaluation of vapor intrusion at subsequently constructed structures. 

For delineation purposes, the number, location, and depth of soil gas samples should be based on the 

CSM. Delineate soil gas in three dimensions. Vertical soil gas delineation is achieved by collecting soil 

gas samples at varying depths in a single location, or by using closely spaced soil gas points installed at 

varying depths, but need not extend outside the vadose zone. However, soil gas profiles may be affected 

by infiltration events where the source may be submerged. Base locations and depths for soil gas 

monitoring points on historical facility use, including known or likely source areas, location-specific 

lithologic information, and barometric and temperature changes. 

If boring logs are not available, collect soil gas samples at the greatest depth of the soil gas investigation 

(typically near the top of the capillary fringe or soil source). Soil gas samples collected at less than five 

feet below ground surface may be subject to barometric pressure effects and prone to breakthrough of 

ambient air through the soil column. Also consider soil moisture and water level variation when 

determining sample depths. 

If vapor is found within preferential pathways during initial assessments, vapor delineation, both up- and 

down-gradient, should occur within the pathway. While U.S. EPA currently does not produce screening 

levels for chemicals within preferential pathways for delineation purposes, IDEM will consider the most 

recent data and research presented to evaluate potential for vapor intrusion into connected structures. 

Until further notice, use conduit vapor screening levels to delineate the extent of release-related vapors 

within a conduit. 

2.3.7 Likely Future Extents: Vapor 

Because vapors can move through the subsurface their extents can change. In doing so, they may affect 

receptors that were not previously affected or present. For this reason, it is necessary to consider the 

likely future extents of subsurface vapor, both in soil gas and in preferential pathways. 

2.3.7.1 When is a Likely Future Extents Determination Necessary in Subsurface 

Vapor? 

Consider the following when making a likely future extents determination for subsurface vapor: 

¶ Is the source of the subsurface vapor expanding (e.g., when a release-related chemical plume in 

groundwater is acting as a vapor source and is expanding) and unlikely to have reached its maximum 

extent? 

¶ Is there a continuing release to a preferential pathway or subsurface conduit? 

If the answer to either of the two questions above is yes, a likely future extents determination is 

necessary. 

2.3.7.2 How to Determine Likely Future Extents in Subsurface Vapor 

When a release-related chemical plume in groundwater is acting as a source of subsurface vapor, the 

future extents of subsurface vapor are likely to reflect the future extent of those chemicals in groundwater. 

In some cases, it may be necessary to iteratively sample subsurface vapors as they move laterally from a 

source until the likely future extent of those vapors is understood. 

Properties with residual release-related chemicals in soil and/or groundwater may pose a threat of vapor 

exposure if buildings are constructed in the future. The potential for future exposure can be assessed 
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through methods such as SGe sampling or groundwater sampling. It may be appropriate to address the 

potential for vapor migration at a property without a building by incorporating vapor controls into the new 

building design, such as a vapor barrier with passive or active venting. In many cases, IDEMôs closure 

conditions will include an Environmental Restrictive Covenant that requires including vapor control 

measures in the new building design. If the building will be constructed at some point in the distant future, 

the property owner may conduct further evaluation of the vapor intrusion pathway at that time to 

determine if building control measures are needed. When suitably constructed, documented, and 

validated using data that fully characterize the potential subsurface vapor sources and associated 

conditions in the vadose zone, mathematical models can provide an acceptable line of evidence 

supporting risk management decisions pertaining to vapor intrusion. 

2.3.8 Extents in Other Media 

Sometimes releases extend into media other than soil, groundwater, or vapor. In the absence of 

compelling lines of evidence showing that it is not necessary to do so, IDEM will require delineation 

efforts to follow releases wherever they go, regardless of medium. 

2.3.8.1 Extents in Fill 

In the context of this document, fill is material used to modify land topography. Fill comprised of waste 

deposited onto the land as a means of disposal may be subject to solid or hazardous waste regulations 

and will require a project-specific approach that is beyond the scope of this guidance. 

Fill areas can complicate CSM development. Fill alters local hydrogeologic conditions, and may contain 

chemicals in common with those from a release. Sometimes it is difficult to distinguish fill from waste fill 

that is subject to regulation. These challenges make it especially important to have a clear understanding 

of sampling objectives when sampling fill or in fill areas. Sometimes the objective may be to characterize 

a release in a fill area. In other cases, the objective may be to characterize the fill itself as a potential 

source. 

With sufficient knowledge of the fill material(s) and their location(s), standard or slightly modified standard 

methods for sampling surface or subsurface soil may be suitable for collecting fill samples. However, it 

may be difficult to collect a representative sample of fill material, especially if the material is too 

heterogeneous, or there is little or no information on the source of the material. U.S. EPA (2019d) 

contains guidance on developing a sampling plan for fill material. In some cases, adequate 

characterization of fill material may cost more than removing it. 

2.3.8.2 Extents in Sediment 

Extents determinations in aquatic sediments typically employ different sampling equipment and 

techniques than those used in extents determinations in soils. Delineation criteria may also differ, as 

ecological criteria often apply and may result in lower concentrations than those that apply to human 

health risk assessment. U.S. EPA (2001) contains technical guidance on sediment sampling. 
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2.3.8.3 Extents in Surface Water 

327 IAC 2-11-5(3) states that ñfor waters of the state24, surface water quality standards shall be met in the 

surface water at the groundwater ï surface water interface.ò Pore water samples are technically most 

appropriate for this purpose. Note that mixing zones, while applicable to some National Pollution 

Discharge Elimination System (NPDES) permits, do not apply to unpermitted releases to waters of the 

state. 

2.3.9 How IDEM will Evaluate Extent Determinations 

In most cases, IDEM will require the following to evaluate extents determinations: 

¶ An overview map showing all relevant features including, but not necessarily limited to, property lines, 

facility property use, surrounding property use, and subsurface utilities. 

¶ Source facility, source point(s), and source area(s) identified, as relevant and known. 

¶ Observed concentrations for all affected media, legibly tabulated and supported by laboratory and 

field sheets. 

¶ Map(s) illustrating the extents relative to unconditional remediation objectives in all directions for all 

affected media, including applicable cross sections. These map(s) and cross sections must be 

supported by legible tabulated results, laboratory and field sheets. 

¶ Adequate documentation for unrelated sources, if relevant. 

Every release is different, and the number, location, and quality of sample points will vary based on the 

chemicals released, local geology, and the location and nature of potential receptors. Extents evaluations 

that do not include the above information, or use conditional remediation objectives will be evaluated on a 

case-by-case basis. Non-standard extent determinations typically require more time to perform and 

review and may require more and/or higher data quality. 

  

                                                      

24 IC 13-11-2-265 defines waters of the state. 
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3. Risk Evaluation 

 

For purposes of this document, risk evaluation is the process of determining whether a chemical release 

warrants a remedy. Risk evaluation is necessary to fulfill statutory obligations under IC 13-25-5-8.5(c) to 

protect human health and the environment. Every chemical release that requires characterization also 

requires some level of risk evaluation. 

Risk evaluation complexity varies. The risk evaluation process may be fairly simple, involving a few 

numerical comparisons, or it may include complex tasks like statistical evaluation of large sample data 

sets, target cancer risk adjustments, development of site-specific remediation objectives, or evaluating 

the relevance and sufficiency of different lines of evidence in a remedy decision. 

Section 3 describes four broadly defined tasks that comprise a risk evaluation: 

¶ Task Four: Specify decision units and their likely uses (Section 3.1) 

¶ Task Five: Determine representative concentrations (Section 3.2) 

¶ Task Six: Specify remediation objectives (Section 3.3) 

¶ Task Seven: Determine whether a remedy is necessary (Section 3.4) 

There is some flexibility with respect to the order in which tasks need to be performed. For example, a 

responsible party that decides to specify remediation objectives allowing unlimited use of a property might 

do so at the onset of a project, well before performing any risk evaluation tasks. Projects should proceed in 

a reasonably systematic way that makes sense given the circumstances of the release, and at a pace that 

results in timely implementation of remedies that address any unacceptable risks arising from the release. 

Note, however, that per IC 13-25-5-8.5(c)(1), a complete evaluation of risk relies on and requires adequate 

characterization of the nature and extent of release-related chemicals. 

Each task subsection includes the statutory basis of IDEMôs authority to require the task and related 

information, as well as the corresponding scientific reasons why the task is necessary. The task 

subsections also describe one or more ways to perform the tasks. IDEM recognizes that alternative 

approaches to performing these tasks may exist, and that those alternatives may be acceptable or 

preferable for any number of reasons. IDEM will evaluate alternative approaches on their merits. 

It is sometimes immediately apparent that a chemical release poses an unacceptable risk, and that it is 

necessary to implement a remedy as soon as possible. In other cases, responsible parties may opt to 

implement an interim remedy (e.g., removal or treatment of known source material) before completing 

characterization, provided the interim remedy does not result in unacceptable risk. In many instances, 

implementation of an interim remedy may significantly reduce overall remedy cost and timeframes. 

Section 4 includes discussion of interim remedies and other remedy options. 

  










































































































































































































































































